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Real Party In Interest 

CSL Behring AG is the real party in interest. (See the assignment documents 
recorded on August 16, 2006, at Reel 018126, Frame 0880, and on April 23, 2008, at 
Reel 020841 , Frame 0702.) 
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Related Appeals and Interferences 

There are currently no other appeals or interferences, of which Appellant, 
Appellant's legal representative, or Assignee are aware, that will directly affect or be 
directly affected by or have a bearing on the Board's decision in this appeal. 
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Status Of Claims 

Claims 18, 20-21 , and 29-45 are currently pending in the application. (See Office 
Action of June 7, 201 1 , at 2; Request for Continued Examination and Reply to Office 
Action under 37 C.F.R. § 1 .1 14 of September 17, 2010.) Claims 29-45 are currently 
under examination, while claims 18, 20, and 21 were previously withdrawn. (See Office 
Action of June 7, 201 1 , at 2; Office Action of September 26, 2008, at 2; Restriction 
Requirement of May 17, 2008.) Hence, only claims 29-45 are subject to this appeal. 

Claims 1-17 and 22-28 were previously cancelled without prejudice or disclaimer. 
(See Reply to Office Action under 37 C.F.R. § 1.1 14 of September 17, 2010, 
Amendments to the Claims.) 



6 



Application No. 10/579,357 

Attorney Docket No. 06478.1507-00000 

Status Of Amendments 

All prior amendments have been entered. 
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Summary Of Claimed Subject Matter 

All of the claims relate to a stable "polyclonal IgG preparation." Polyclonal IgG 
preparations were known in the art as of the filing date of this application and were, for 
example, commercially available as therapeutics. As described in a 1994 review by 
Tankersley, "[virtually all therapeutic immune globulins (Ig) [polyclonal IgG 
preparations] are prepared from large pools of human plasma by a process of selective 
precipitation with ethanol . . ." (Immunological Reviews 139: 159-172, at 160, first full 
paragraph; entered into the record on June 2, 201 1 ; copy attached.) Tankersley also 
comments that polyclonal IgGs were often made into preparations for intravenous 
pharmaceutical use. (See Id. at 159.) The review goes on to comment that "[t]he 
regulatory agencies of most countries require that each lot of Ig, or Igi.v. [polyclonal IgG 
preparation], shall be prepared from a pool of approximately equal amounts of plasma 
from not less than 1000 donors" but that "this requirement also affects the potential for 
the Igi.v. to contain anti-idiotypes recognizing other antibodies present either in the Igi.v. 
itself or in recipients." (Id. at 161 , first full paragraph.) The review then explains that 
such idiotype - anti-idiotype recognition leads to a characteristic dimerization problem in 
polyclonal IgG preparations. (Tankersley at 161-163.) 

Another review by Lemm, published in 2002, provides a general introduction to 
polyclonal IgG preparations, and describes how they were typically prepared from 
precipitated, pooled human plasma, and could be prone to aggregation. (Neurology, 
59(Suppl. 6): S28-S32, at S28; entered into the record on May 11, 2010; copy 
attached.) The review also includes a table of the then-available polyclonal IgG 
preparations on the U.S. pharmaceutical market. (Id. at S29.) 
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Independent Claim 29 and Its Dependent Claims 

Claim 29 recites a "stable polyclonal IgG preparation, wherein the preparation 
comprises polyclonal IgG and a stabilizer comprising proline, has a pH of about 4.2 to 
about 5.4, and does not comprise nicotinamide." The specification discusses 
"polyclonal IgG preparations" throughout the text, for example, at page 1 , line 9, to page 
3, line 17, and page 5, lines 14-24. Pages 2 and 3 of the specification, for example, 
refer to art that addresses the stabilization of polyclonal IgG preparations against 
formation of dimers and other aggregates, which can cause anaphylactic shock or other 
reactions, such as fever, nausea, low blood pressure, or hypotension, that be 
detrimental to pharmaceutical use. (See page 1 , lines 9-14; page 2, lines 25-32.) 

The working examples are also performed using a polyclonal IgG preparation, as 
described at page 8, line 20, to page 15, for which the starting material is an 
intermediate from a well-known ethanol fractionation process from pooled plasma 
samples. (See page 8, lines 22-26; see also Tankersley at page 1 60.) The working 
examples then evaluate the formation of dimers, aggregates, and degradation 
fragments in the presence of different combinations of pH, temperature, and additives. 
(See pages 9-15.) 

Proline as a stabilizer of polyclonal IgG preparations is discussed or exemplified 
throughout the application, such as at page 4, lines 1 2-14, pages 10-11, and page 1 2, 
Table 1 . A pH of about 4.2 to about 5.4 is described, for example, at page 3, lines 28- 
31 , and page 5, lines 26-32, and page 7, complete page. A preparation that "does not 
comprise nicotinamide" is described, for example, at page 4, lines 9-10. 
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Claims 30-40 and 45 depend from claim 29. Dependent claims 30, 31 , 35, 37, 
39, and 45 each further recite, at least in part, particular concentration ranges of IgG in 
the preparation. The claimed IgG concentration ranges are described, for example, at 
page 6, lines 14-15, 20-21, and 24. Claims 32 and 37 recite that the "preparation has a 
pH of about 4.6 to about 5.0." That pH range is described, for example, at page 5, lines 
30-32. Claims 33, 35, 37, and 39 recite that the "proline is L-proline" and that the 
concentration of L-proline in the preparation "is from 0.2 to 0.3 M" or "is from 0.2 to 0.4 
M." Page 4, lines 1 2-1 3, for example, refers to L-proline, while page 6, line 7, for 
example, discloses those concentration ranges. Finally, claims 34, 36, 38, and 40 
recite that that the preparation "is a liquid preparation that has not been lyophilized and 
is not lyophilized prior to administration." Page 3, lines 3-5, refers to preparations that 
are stored in non-lyophilized liquid form. Furthermore, as noted at page 1 , lines 16-20, 
of the application, such a liquid preparation contrasts with one that is lyophilized (i.e. 
freeze-dried) before storage and later reconstituted prior to administration. 
Independent Claim 41 and Its Dependent Claims 

Claim 41 is an independent claim that recites a "stable liquid polyclonal IgG 
preparation, wherein the preparation comprises polyclonal IgG and a stabilizer 
consisting essentially of proline, has a pH of about 4.2 to about 5.4, and wherein the 
preparation is not lyophilized prior to administration." The recited "polyclonal IgG 
preparation" is described above. The claimed proline and pH range are disclosed, for 
example, at page 4, lines 1 2-1 4, pages 10-11, and page 1 2, Table 1 , and at page 3, 
lines 28-31 , and page 5, lines 26-32, and page 7, complete page. A "stabilizer 
consisting essentially of proline" is exemplified throughout the application as a whole, 
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for example, in Figures 1-4 and in the examples at pages 8-15. Furthermore, page 3, 
lines 3-5, for example, refers to liquid preparations that are not lyophilized prior to 
administration. As noted at page 1 , lines 16-20, of the application, such a liquid 
preparation contrasts with one that is lyophilized and reconstituted prior to 
administration. 

Claims 42-44 depend from claim 41 and recite that the proline is L-proline and 
that the concentration of the L-proline in the preparation is from 0.2 to 0.4 M or is from 
0.2 to 0.3 M. Page 4, lines 1 2-1 3, for example, refers to L-proline, while page 6, line 7, 
for example, discloses those concentration ranges. Claims 42-44 also recite particular 
IgG concentration ranges, which are disclosed, for instance, at page 6, lines 14-15, 20- 
21, and 24. 
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Grounds of Rejection 

Whether each of claims 29-45, considered separately, is obvious under 35 
U.S.C. § 103(a) over U.S. Patent No. 6,171,586 in view of U.S. Patent Publication No. 
2005/01 421 39A1 ("the '586 patent" and "the '139 publication," respectively). 
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Argument 

Appellants appeal the rejection of claims 29-45 because the rejection is not a 
prima facie case of obviousness. Most fundamentally, the appealed claims recite 
"polyclonal IgG preparations." Polyclonal IgGs have unique stability problems, which 
the proteins in the two cited references do not have. The cited references also do not 
point to the excipients and pH ranges claimed here. Instead, they disclose a large 
multitude of possible excipients, and teach optimal excipient and pH conditions that are 
quite distinct from those claimed here. The Office has not sufficiently explained how 
one would get to the specific preparations claimed here from references that do not 
address the particular stability problems of polyclonal IgGs and that otherwise point 
away from the claimed conditions. In addition, the Office Actions do not specifically 
consider the currently pending claims other than claim 29. Appellants also provided 
evidence of unexpected results and commercial success commensurate in scope with 
claims 29-45. But that evidence was only considered in light of claim 29. 

Appellants address the Office's obviousness rejection in detail in Section II 
below, and argue each of claims 29-45 separately. 

I. Legal Standards of Obviousness 

Several basic factual inquiries must be made to determine whether the claims of 
a patent application are obvious under 35 U.S.C. § 103. These factual inquiries are set 
forth in Graham v. John Deere Co., 383 U.S. 1, 17 (1966), and require the Office to: 

(1 ) Determine the scope and content of the prior art; 

(2) Ascertain the differences between the prior art and the claims in issue; 

(3) Resolve the level of ordinary skill in the pertinent art; and 
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(4) Evaluate evidence of secondary considerations. 

The obviousness or non-obviousness of the claimed invention is then evaluated 
in view of the results of these inquiries. Graham, 383 U.S. at 17-18; see also KSR Int'l 
Co. v. Teleflex, Inc., 127 S. Ct. 1727, 1734 (2007). Moreover, "rejections on 
obviousness cannot be sustained with mere conclusory statements; instead, there must 
be some articulated reasoning with some rational underpinning to support the legal 
conclusion of obviousness." See KSR, 127 S. Ct. at 1741 (quoting In re Kahn, 441 F.3d 
977, 988 (Fed. Cir. 2006)); M.P.E.P. § 2142. The Office has emphasized in its 2010 
Examination Guidelines Update: Developments in the Obviousness Inquiry After KSR v. 
Teleflex that examiners must continue to provide a reasoned explanation as to why the 
invention as claimed would have been obvious to a person of ordinary skill in the art at 
the time of the invention. KSR, at 1741 ; 75 Fed. Reg. 53643-60 at 53645, second 
column. 

Hindsight reasoning is also improper. See KSR, at 1742-43. Instead, "[t]o reach 
a proper determination under 35 U.S.C. § 103, one must step backward in time and into 
the shoes worn by the hypothetical 'person of ordinary skill in the art' when the invention 
was unknown and just before it was made. In view of all factual information, the Office 
must then make a determination whether the claimed invention 'as a whole' would have 
been obvious at the time to that person." M.P.E.P. § 2142. 

Furthermore, if a prima facie case of obviousness is to be based upon a 
combination of prior elements, the Office must provide sufficient reasoning or evidence 
to show that the combination yields a predictable outcome or that there is a reasonable 
expectation of success. M.P.E.P. §§ 2143 and 2143.02. Predictability, according to the 
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Federal Circuit, means not only that there is an expectation that the prior art elements 
can be combined or modified, but also that there is an expectation that the resulting 
combination or modification will work for its intended purpose. DePuy Spine, Inc. v. 
Medtronic Sofamor Danek, Inc., 567 F.3d 1314 (Fed. Cir. 2009); see also 2010 
Examination Guidelines Update, 75 Fed. Reg. at 53649, first column. And even where 
a new combination is considered "obvious to try," the Office must establish (1) that there 
are only a finite number of possible solutions (2) with predictable outcomes and (3) that 
there is a reasonable expectation of success in pursuing those possible solutions. KSR, 
at 1742; M.P.E.P. § 2143(E). 

Finally, even if a prima facie case of obviousness is established, it may be 
rebutted by evidence of secondary considerations such as unexpected results and 
commercial success commensurate in scope with the patent claim. M.P.E.P. § 2142. 

II. The '586 Patent and '139 Publication Do Not Render Any of the Appealed 
Claims 29-45 Obvious 

A. Independent Claim 29 

Claim 29 recites a "stable polyclonal IgG preparation, wherein the preparation 
comprises polyclonal IgG and a stabilizer comprising proline, has a pH of about 4.2 to 
about 5.4, and does not comprise nicotinamide." 
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1. The '586 Patent and '139 Publication Do Not Relate to Polyclonal 
IgG Preparations 

The instant obviousness rejection suffers from a critical flaw in that neither the 
'586 patent nor the '139 publication 1 provides adequate guidance about how to 
formulate and stabilize a "polyclonal IgG preparation." The claimed "polyclonal IgG 
preparations" have unique stability challenges. Not only do these references fail to 
address those stability challenges, the references do not even discuss polyclonal IgG 
preparations. 

Polyclonal IgG preparations are generally derived from pools of blood plasma 
from up to thousands of different individual donors. (See Tankersley, at 1 60-1 63, 
entered into the record on June 2, 201 1 ; copy attached.) As a 1 994 review by 
Tankersley explains, by that time, the international regulatory agencies required that a 
polyclonal IgG preparation for therapeutic use be derived from a large number of 
different individual donors, for example, 1 000 or more. (Id. at 1 61 .) For that reason, a 
polyclonal IgG preparation generally comprises a vast array of different IgG molecules 
with different amino acid sequences, different antigen specificities, and other different 
properties. In sharp contrast, most other therapeutic protein preparations contain only 
one, specific protein species, generally in highly pure form, and which is usually 
recombinantly produced. {See Id. at 1 61 -1 63; see also specification at page 2, lines 24- 
26, page 10, lines 14-21, and Tables 1 and 2.) 

Polyclonal IgGs have characteristic stability problems because they are mixtures 
of many different IgG species. In particular, polyclonal IgG preparations are prone to a 

1 The Office has applied the '139 publication as prior art under 35 U.S.C. § 102(e). The 
application corresponding to that publication was filed March 19, 2004, and claims 
priority to a provisional U.S. patent application filed March 21, 2003. 
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specific type of dimerization, called an idiotype -anti-idiotype interaction, that occurs 
because different antibody species from different donors within a preparation recognize 
and bind to each other. (Tankersley at 161-162.) This dimerization can result in 
adverse events in patients, such as hypotension, and is therefore important to control. 
(See Tankersley, at page 160; specification at page 2, lines 25-32.) The '586 patent 
and '139 publication do not provide any guidance about controlling idiotype -anti- 
idiotype dimerization because they concern purified, recombinant proteins that do not 
suffer from this problem. 

Polyclonal IgG preparations are also prone to characteristic aggregation, 
fragmentation, and oxidation. (See specification at pages 9-1 1 , Tables 1 and 2; see 
also Cramer et al., Vox Sang. 96: 219-225 (2009) at paragraph bridging pages 219-220, 
entered into the record on May 1 1 , 2010, copy attached.) Aggregation, for example, 
can cause dangerous adverse events such as anaphylactic shock. (Tankersley at 160- 
1 61 ; Lemm at S28, entered into the record on May 1 1 , 201 0; copy attached; 
Specification at page 1 , lines 9-14.) 

Hence, a researcher wishing to make a "stable polyclonal IgG preparation" would 
have been interested in balancing all of these stability problems together: idiotype— anti- 
idiotype dimerization, aggregation, fragmentation, and oxidation. (See, e.g., 
specification at pages 9-1 1 and Tables 1-2.) The '586 patent and '139 publication do 
not provide guidance about how to control all of these stability problems because they 
concern proteins that do not suffer from all of those problems. Accordingly, a person of 
ordinary skill in the art could not have predicted from either of the cited publications 
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whether the excipients and pH conditions they describe could effectively stabilize a 
polyclonal IgG preparation. 

In particular, the '586 patent relates to specific recombinant humanized 
monoclonal antibodies. (See the '586 patent at cols. 24-46 and Figures 1-28.) In other 
words, this patent refers to preparations comprising a single, purified, recombinantly 
produced protein, not a complex mixture of different IgG protein species from different 
plasma donors. Recombinant protein and monoclonal antibody preparations do not 
have the stability problems associated with the claimed polyclonal IgG preparations 
because they comprise only one single, purified protein species. Recombinant proteins 
and monoclonal antibodies cannot suffer from idiotype-anti-idiotype dimerization, for 
example. Thus, this patent does not provide any guidance on how to solve this 
dimerization problem. 

Furthermore, the preparations of claim 29 require proline, and the Office has 
acknowledged that the '586 patent "does not teach the use of proline." (Office Action of 
May 1 9, 201 0, at page 8, last two lines.) 

The Office seems to cite the '586 patent because it allegedly discloses 
"polyclonal antibody" preparations. (Office Action of June 7, 201 1 , at page 3, second 
paragraph under section 6.) But Appellants do not claim "polyclonal antibody 
preparations." Appellants claim "polyclonal IgG preparations," which are distinct from 
the polyclonal antibodies mentioned in the '586 patent. 

The reference to "polyclonal antibodies" in the '586 patent is not relevant to the 
invention of claim 29. The polyclonal antibodies described at column 1 1 of the '586 
patent are obtained from host animals and directed against a "relevant antigen," in other 
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words, against a specific antigen target. ('586 patent, col. 1 1 , at line 33.) And they may 
be derived from only one host animal. ('586 patent, col. 1 1 , at lines 30-58.) Such 
target-specific antibodies do not develop the idiotype-anti-idiotype dimerization that 
causes stability and adverse event problems for polyclonal IgG preparations. Moreover, 
even if polyclonal antibodies were relevant here, the '586 patent does not provide any 
data or working examples showing preparations of polyclonal antibodies. All of the 
experimental data the '586 patent are based on a recombinant protein. (See, e.g., the 
'586 patent at col. 24, lines 29-38, and col. 27, lines 57-58.) The brief mention of 
"polyclonal antibodies" in the '586 patent would not have provided any guidance to a 
person of ordinary skill in the art who wished to stabilize a polyclonal IgG preparation. 

Thus, the Office's remarks do not pertain to the pending claims. And, even if the 
'586 patent's reference to "polyclonal antibodies" had any relevance to the appealed 
claims, the patent does not provide any guidance as to how proline affects their stability. 
Thus, the '586 patent is simply not relevant to claim 29. 

The Office cites the '1 39 publication for a teaching of proline. But that publication 
also deals with a single, recombinantly-made protein species in pure form. Such a 
protein cannot suffer from idiotype-anti-idiotype dimerization. 2 Thus, the '139 
publication also provides no guidance as to how to solve the problems encountered in 
making a stable polyclonal IgG preparation as recited in claim 29. 



2 In fact, the protein referred to in the '139 publication cannot suffer from idiotype-anti- 
idiotype dimerization also because it is not an immunoglobulin and does not comprise 
the variable domain regions of an immunoglobulin that may cause this dimerization. 
Instead, that protein is a chimeric molecule in which the Fc, hinge, and first domain of 
the Fab region of an immunoglobulin are fused to another protein called CD4. 
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As a whole, because these two references do not consider polyclonal IgG 

preparations, which have stability issues that pure protein species do not have, they do 

not provide guidance as to how to stabilize a polyclonal IgG preparation. 

2. The Office Actions Do Not Set Forth a Prima Facie Case 

The Office Actions state that "[o]ne of ordinary skill in the art at the time the 
invention was made would have been motivated to [combine the '586 patent and '139 
publication] because the addition of proline improves stability of protein upon storage 
and delivery by reducing aggregation." (Office Action of June 7, 201 1 , at page 5; Office 
Action of May 1 9, 201 0, at page 9.) The Office provides no support whatsoever for that 
statement, either in the cited publications or elsewhere in the scientific literature. The 
Office Actions then state that "there would have been a reasonable expectation of 
success in producing the claimed invention." {Id.) Again, no supportive reasoning is 
provided. 

These bare statements are conclusory and do not provide the level of reasoning 
that is required under the Office's post-KSR guidelines to create a prima facie case. 
See USPTO Examination Guidelines Update: Developments in the Obviousness 
Inquiry after KSR v. Teleflex, 75 Fed. Reg. 53643-72 (Sept. 1, 2010), and M.P.E.P. § 
2141 . As the Office has recently pointed out, "[i]t remains Office policy that appropriate 
factual findings are required in order to apply the enumerated rationales [including the 
"TSM" test] properly. If a rejection has been made that omits one of the required factual 
findings, and in response to the rejection a practitioner or inventor points out the 
omission, Office personnel must either withdraw the rejection, or repeat the rejection 
including all required factual findings." 75 Fed. Reg. 53643 at 53645, col. 1 (Sept. 1 , 
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2010). "This requirement for explanation remains even in situations in which Office 
personnel may properly rely on intangible realities such as common sense and ordinary 
ingenuity." Id. at 53645, col. 2. 

In response to Appellants' prior arguments that the two references do not relate 
to "polyclonal IgG preparations," the Office stated that: ". . . the '586 patent clearly 
defines the polyclonal antibody included in the "antibody" (note col. 7) and the '139 
publication teaches use of proline. One cannot show nonobviousness by attacking 
references individually . . ." (Office Action of June 7, 201 1 , at 6, first paragraph.) Those 
remarks do not address the current claim language. 

In summary, the Office does not consider that Appellants do not claim "polyclonal 
antibodies." Appellants instead claim "polyclonal IgG preparations," which are different. 
Polyclonal IgG preparations have unique stability problems that the proteins discussed 
in the cited references do not have. The Office Actions do not adequately explain how, 
from these references, one could predict which stabilizers could solve the problems 
unique to polyclonal IgG preparations. For these reasons alone, the Office has not set 
forth a prima facie case of obviousness against claim 29. 

3. Even If the '586 Patent and '139 Publication Pertained to 

Polyclonal IgG Preparations, They Do Not Suggest a Stabilizer 
Comprising Proline at a pH Within the Range Recited in Claim 29 

Furthermore, if, for the sake of argument, the '139 publication is considered to 

apply to polyclonal IgG preparations, its teachings as a whole point away from aspects 

of the invention of claim 29. In particular, the '139 publication states that its formulation 

may comprise an amino acid stabilizer that could be selected from alanine, glycine, 

proline, glycylglycine, leucine, isoleucine, creatinine, arginine, and lysine. {See 
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paragraphs [0032], [0039], and [0137]-[0138].) However, the working examples of the 
'1 39 publication mostly use glycine as an amino acid stabilizer. (See Tables 2-4 and 7- 
9; and see paragraph [01 51 ].) In fact, the publication explicitly states that glycine is 
preferred. {See paragraph [0039].) The working examples section states that the 
optimal formulation comprised histidine, glycine, the sugar trehalose, and the surfactant 
Tween® 80 at pH 6, based on lead formulations comprising glycine. (Paragraph [0151]; 
see also paragraph [0126].) Furthermore, the publication as a whole teaches a higher 
pH range than is claimed here. (See paragraphs [0073], [0074], and [0126].) Thus, 
even if the '139 publication is viewed as relevant to claim 29 because it mentions 
proline, the publication as a whole teaches that its optimal formulations use glycine and 
are at pH 6, which is well above the pH range recited in claim 29 (about 4.2 to about 
5.4). 

In addition, the '586 patent does not mention proline. In fact, it fails to even 
mention amino acids as possible stabilizers or formulation excipients. Its proteins are 
formulated with molecules chosen from surfactants and polyalcohols (also called 
polyols) at a pH range of about 4.5 to about 6.0. (See col. 2, lines 35-40; col. 6, lines 
38-60; col. 22, lines 31-59; col. 23, lines 1-14.) The patent teaches that these polyols 
include compounds such as fructose, mannose, maltose, lactose, arabinose, xylose, 
ribose, rhamnose, galactose, glucose, sucrose, trehalose, sorbose, melezitose, 
raffinose, mannitol, xylitol, erythritol, threitol, sorbitol, glycerol, and L-gluconate, while 
surfactants include compounds such as "polysorbates (e.g. polysorbates 20, 80, etc.) or 
poloxamers (e.g. poloxamer 188)." (Col. 6, lines 38-60; col. 22, lines 31-59.) The 
patent's exemplary formulations use combinations of the polyols D-mannitol and 
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trehalose and the surfactant Tween® 20 at pH 5-6. {See Tables 2 and 5 at cols. 28 and 
29.) 

Assuming only for the sake of argument that a person of ordinary skill in the art 
would find these disclosures predictive of what would happen in formulating a polyclonal 
IgG preparation, that person, knowing nothing of Appellants' invention, would have had 
to arrive at the formulation of claim 29 by picking out proline as a potential stabilizer 
from the vast array of compounds described in these two references. And in doing so, 
that person also would have had to ignore or act contrary to the optimal formulations 
presented in each reference. This demonstrates that the Office could only have 
selected the two cited references from improper hindsight. 

At the very best, the two cited references show that there was a large number of 
possible compounds one could try out as stabilizing ingredients for a protein 
formulation, and that proline in the absence of nicotinamide was merely one possibility 
out of many. Thus, there was no "finite number of [previously] identified, predictable 
solutions" in the art for a person of ordinary skill knowing nothing of the invention of 
claim 29 to try. And these references do not single out proline from any of the other 
disclosed possible stabilizers. In fact, taken as a whole, they indicate that glycine, 
trehalose, and the Tween® 20 and 80 surfactants work best for the purified, recombinant 
proteins that they each concern. 

Moreover, Appellants' invention should also be considered in light of the then- 
available commercial polyclonal IgG preparations. When the instant application was 
filed, these preparations were generally stabilized with combinations of specific sugars, 
sugar alcohols or polyols, surfactants, and albumin protein. {See, e.g., European 
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Patent No. 1 084 147B1 , table at page 13; Buckley et al., N. Engl. J. Med. 325(2): 110- 
117(1 991 ), at page 111, Table 1 ; each entered into the record on October 30, 2009, 
copies attached.) As can be seen from EP 1 084 147B1 and Buckley et al., many prior 
commercial formulations were lyophilized and were stabilized by: 

- maltose, glycine, and albumin (Gammagard®) 

- sucrose and albumin (Gammar IV®) 

- sucrose and PEG (Iveegam®) 

- sucrose (Sandoglobulin®) 

- D-mannitol, albumin, and PEG (Venoglobulin®), and 

- maltose and albumin (Gammonativ®). 

Available liquid formulations were stabilized, for example, by: 

- maltose and glucose (Octagam®), and 

- maltose (Gamimune®). 

These formulations certainly should have been known to a person of ordinary 
skill in this art and would have suggested continuing to use mixtures of sugars, sugar 
alcohols, PEG, and albumin. The preparation of claim 29 represents a significant 
departure from these prior products, which is further evidence of its patentability. 

4. The Claimed Invention Shows Unexpected Results and 
Commercial Success 

Even if, purely for the sake of argument, one assumes that a prima facie case of 

obviousness has been established, polyclonal IgG preparations of claim 29 show an 

unexpectedly high stability and a low level of toxic side effects. Appellants have 

provided information regarding two commercial products encompassed by claim 29. 
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(Reply to Office Action under 37 C.F.R. § 1.114, Information Disclosure Statement, and 
PTO Form SB/08 of September 17, 2010.) 

Privigen® is a liquid polyclonal IgG preparation comprising about 10% polyclonal 
IgG formulated with 210 to 290 mM L-Proline at pH of about 4.8, and which is not 
lyophilized before administration. Appellants have submitted the U.S. Food and Drug 
Administration approved package insert, an article by M. Cramer et al., and an 
International Blood/Plasma News excerpt from April, 201 0. These materials were 
entered into the record on June 2, 201 1 , and copies are also attached. 

The International Blood/Plasma News excerpt and the Cramer article both 
describe the exceptional stability of Privigen® compared to other available polyclonal 
IgG preparations. The International Blood/Plasma News excerpt states that "U.S. FDA 
has approved a supplemental Biologies License Application (sBLA) that extends the 
shelf life of [CSL Behring's] Privigen 10% liquid intravenous immunoglobulin product 
from 24 months to 36 months. This approval makes Privigen the first liquid IVIG in the 
U.S. that can be stored at room temperature (up to 25°C [77°F]) throughout its entire 36- 
month shelf life." Thus, Privigen® is the first liquid polyclonal IgG preparation, not 
lyophilized prior to administration, that is stable at room temperature for three years. 

The Cramer article, published in 2009, contrasts the stability of Privigen® to that 
of other liquid polyclonal IgG preparations available at that time. Cramer et al. state that 
the "liquid IVIG formulations have limited shelf-lives. Long-term storage of liquid IVIG 
formulations has therefore required the use of refrigerated conditions until now." (Page 
219, column 1 ; Discussion, first paragraph.) The Cramer article notes that polyclonal 
IgG preparations at a lower IgG concentration of 5% "may be stored at room 
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temperature for a period of up to 1 year" and that "[t]he optimal storage temperature for 
currently available 10% IVIG solutions is 5 °C, for a maximal storage time of 36 months 
[3 years]. These solutions are stable at room temperature for only a few months." 
(Discussion section, first column, page 225, emphasis added.) Thus, Privigen®, despite 
its higher concentration of polyclonal IgG than competing liquid polyclonal IgG 
preparations, is about three-times more stable. (See Id.) And again, Privigen®'s three 
years at room temperature shelf life was approved by the U.S. Food and Drug 
Administration as the longest shelf life among approved liquid polyclonal IgG 
preparations. (See the International Blood/Plasma News excerpt.) 

The instant claims also cover another commercial polyclonal IgG preparation 
called Hizentra™. Hizentra™ was approved by the U.S. Food and Drug Administration 
in February, 2010. (Hizentra™ FDA package insert, entered into the record on June 2, 
201 1 , copy attached.) It is a 20% liquid polyclonal IgG preparation comprising 210-290 
mM proline and 10-30 mg/liter polysorbate 80, trace sodium, with a pH of 4.6 to 5.2, and 
is not lyophilized prior to administration. Hizentra™ is the most concentrated liquid, 
non-lyophilized polyclonal IgG preparation available on the U.S. market. In August, 
2010, the FDA extended Hizentra™'s shelf life from 18 to 24 months without 
refrigeration. (August 18, 2010, CSL Behring press release; entered into the record on 
June 2, 201 1 , copy attached.) Subsequently, in February, 201 1 , the FDA further 
extended the shelf life to 30 months at room temperature. 

Given that commercial polyclonal IgG preparations are all obtained from pooled 
human plasma, the commercial success of Privigen® and Hizentra™ must be largely 
due to their unique formulations, which allow for a long shelf-life at room temperatures, 
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lack of a need for lyophilization and reconstitution by hospital staff, and a higher protein 
concentration. Products with a long shelf life, that can be stored at room temperature 
and with no need for reconstitution are easier for hospital staff to store and use, and 
result in less wastage. {See, e.g., Cramer at page 219 under "Introduction"; Lemm, at 
S30, first column under "liquid v. lyophilized IVIg preparations.") The higher protein 
concentrations mean that intravenous transfusion volumes can be reduced, which is 
safer and easier for patients, and simpler dosing methods can be employed, such as 
subcutaneous injection in place of the standard intravenous infusion. {See Lemm at 
S30 under "IVIg concentration.") 

Furthermore, protein formulation is inherently unpredictable. Trial and error 
experimentation is generally required to determine whether a particular excipient can 
adequately stabilize a polyclonal IgG preparation against formation of dimers, 
aggregates, fragments, and oxidation products. {See, e.g., Declaration of R. Bolli under 
37 C.F.R. § 1.132, submitted February 9, 2009, at paragraphs 11-13, copy attached.) 
Due to the general unpredictability of successfully minimizing the formation of dimers, 
aggregates, fragments, and oxidation products in a polyclonal IgG, one of ordinary skill 
in the art would not have expected that, by using proline in the absence of nicotinamide, 
one could achieve such high stability at room temperature even with higher protein 
concentrations than ever used before. 

The Office appears to have acknowledged that the stabilities of Privigen® and 
Hizentra™ are unexpected in view of the art. {See Office Action of June 7, 201 1 , at 
page 6, third paragraph.) However, the Office states that "the scope of the claimed 
invention is not commensurate with the references." {Id. at page 6, fourth and fifth 
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paragraphs.) In particular, the Office comments that claim 29 is open to other 
stabilizers aside from nicotinamide. (See Id.) 

The Office did not consider, however, that Hizentra™ contains such an additional 
stabilizer, Tween® 80. And a comparison of Hizentra™ to Privigen® demonstrates that 
when one adds that further Tween® 80 stabilizer to the proline, the polyclonal IgG 
preparation is even more stable than when using proline alone. (See Office Action of 
June 7, 201 1 , at page 6, final paragraph.) For instance, the protein concentration may 
be doubled, but the shelf-life remains relatively high. Thus the submitted documents 
concerning Privigen® and Hizentra™ are clearly commensurate in scope with claim 29. 
(Furthermore, as discussed below, Privigen® and/or Hizentra™ are even more 
specifically encompassed within claims 35-45.) 

For all of the reasons above, Appellants urge the Board to overturn the rejection 
of claim 29. 

B. Claim 30 

Claim 30 depends from claim 29 and further recites that "the concentration of IgG 
in the preparation is 8-12% w/v." All of Appellants' remarks with respect to claim 29 
also apply to claim 30. Thus, Section ll(A) of this Argument is incorporated herein. 

Furthermore, the Office contends that the '139 publication refers to protein 
concentrations from 1 00-1 62 mg/ml (1 0-1 6.2% w/v). (June 7, 201 1 , Office Action at 4, 
fourth paragraph.) 3 But that disclosure is irrelevant to claim 30 because the cited 
publication refers to a purified, recombinant protein and not to a polyclonal IgG 

3 Appellants also note that the Office's remarks actually refer to "claims 10-13," which 
are no longer pending, rather than to claim 30. 
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preparation. Hence, the cited publication does not address the stability concerns 
related to the claimed preparation. Thus, the Office has not made a prima facie case 
against claim 30 for these reasons, as well as for the reasons provided in Section 1 1 (A). 

Moreover, the evidence of unexpected results and commercial success applies 
also to claim 30, in that the concentration of IgG in Privigen® falls within the range of 
claim 30, while that of Hizentra™ is even higher than the range of claim 30. Both of 
those preparations also comprise polyclonal IgG and a stabilizer comprising proline, 
have a pH of about 4.2 to about 5.4, and do not comprise nicotinamide, as recited in 
claim 29. 

For all of the reasons in Section 1 1 (A) and above, Appellants urge the Board to 
overturn the rejection of claim 30. 

C. Claim 31 

Claim 31 depends from claim 30 and recites that "the concentration of IgG in the 
preparation is 10% w/v." All of Appellants' remarks with respect to claims 29 and 30 
also apply to claim 31 . Thus, Sections 1 1 (A) and (B) of this Argument are incorporated 
herein. 

Furthermore, while the Office contends that the '139 publication refers to protein 
concentrations from 100-162 mg/ml (10-16.2% w/v), that disclosure is irrelevant to claim 
31 for the same reasons it is irrelevant to claim 30. (June 7, 201 1 , Office Action at 4, 
fourth paragraph.) The cited publication refers to a purified, recombinant protein and 
not to a polyclonal IgG preparation as claimed here, and so, does not address the 
special stability issues of a polyclonal IgG preparation. Hence, for these reasons, as 
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well as for all of the reasons in Sections ll(A) and (B), the Office has not made a prima 
facie case against claim 31 . 

Appellants further note that the evidence of unexpected results and commercial 
success applies also to claim 31 , in that the concentration of IgG in Privigen® is 1 0% 
w/v, as recited in claim 31 , while that of Hizentra™ is even higher than the range of 
claim 31 , while both preparations meet all of the requirements of claims 29 and 30 as 
well. 

For all of the reasons in Sections ll(A) and (B) and above, Appellants urge the 
Board to overturn the rejection of claim 31 . 

D. Claim 32 

Claim 32 depends from claim 29 and recites that the "preparation has a pH of 
about 4.6 to about 5.0." All of Appellants' remarks with respect to claim 29 also apply to 
claim 32. Thus, Section 1 1 (A) of this Argument is incorporated herein. 

In addition, if, for the sake of argument, the combination of the '586 patent and 
the '139 publication relates to a polyclonal IgG preparation, that combination does not 
suggest the specific pH range of claim 32. Instead, the two documents have conflicting 
teachings with regard to pH, the '139 publication suggesting an optimal pH of 6.0, and 
the '586 patent teaching a lower pH range. 

In addition, the June 7, 201 1 , and May 1 9, 201 0, Office Actions do not address 
claim 32 or its recited pH range. For that reason alone, as well as for the reasons 
above and provided in Section ll(A), the Office has not made a prima facie case against 
claim 32. 



30 



Application No. 10/579,357 

Attorney Docket No. 06478.1507-00000 

Moreover, the evidence of unexpected results and commercial success applies 
also to claim 32, in that the pH range of both Privigen® and Hizentra™ falls within that of 
claim 32, while both products also meet the limitations of claim 29. 

For all of the reasons in Section ll(A) and above, Appellants urge the Board to 
overturn the rejection of claim 32. 

E. Claim 33 

Claim 33 depends from claim 29 and recites that the "proline is L-proline, and the 
concentration of L-proline in the preparation is from 0.2 to 0.3 M." All of Appellants' 
remarks with respect to claim 29 also apply to claim 33. Thus, Section 1 1 (A) of this 
Argument is incorporated herein. 

In addition, if, for the sake of argument, the combination of the '586 patent and 
the '139 publication relates to a polyclonal IgG preparation, that combination does not 
suggest L-proline at the specific concentration range of claim 33. Instead, the '586 
patent does not mention a stabilizer comprising proline, or any other amino acid, and 
the '139 publication mentions a concentration of "between about 25-150 mM" and 
prefers glycine at about 50 mM, which is a lower range than claimed in claim 33. ('139 
publication at paragraphs [0013] and [0032], for example.) In addition, the June 7, 
201 1 , Office Action does not specifically address claim 33, although it refers to 
concentrations allegedly recited in two claims that were previously cancelled. (June 7, 
201 1 , Office Action at page 4, third paragraph, referring to claims 7 and 8.) For these 
reasons, and the reasons provided in Section ll(A), the Office has not made a prima 
facie case of obviousness against claim 33. 
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Appellants further note that the evidence of unexpected results and commercial 

success applies also to claim 33, in that both Privigen® and Hizentra™ contain 210-290 

mM L-proline, which falls within the claimed range, as well as meet the limitations of 

claim 29. 

For all of the reasons in Section ll(A) and above, Appellants urge the Board to 
overturn the rejection of claim 33. 

F. Claim 34 

Claim 34 depends from claim 29 and recites that that the preparation "is a liquid 
preparation that has not been lyophilized and is not lyophilized prior to administration." 
All of Appellants' remarks with respect to claim 29 also apply to claim 34. Thus, Section 
1 1 (A) of this Argument is incorporated herein. 

Moreover, if, for the sake of argument, the combination of the '586 patent and the 
'139 publication relates to a polyclonal IgG preparation, that combination does not 
suggest a liquid preparation as claimed with the other features of claim 34. For 
example, the '139 publication relates to formulations of a recombinant protein that 
comprise a "lyoprotectant," and therefore, are intended to be lyophilized, while the '586 
patent does not disclose a stabilizer comprising any amino acid, let alone one 
comprising proline. ('139 publication at paragraph [0010], for example.) 

Appellants also note that the assertions in the June 7, 201 1 , Office Action do not 
take into account Appellants' amendment to claim 34 of September 1 7, 201 0. 
Specifically, the Office asserted that the phrase "wherein the preparation is a liquid 
preparation that has not been subject to lyophilization" could encompass a preparation 
that is lyophilized and reconstituted at some future time. {See June 7, 201 1 , Office 
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Action at page 4, second to last paragraph; and cf. page 2, paragraph 1 , entering 
Appellants' September 1 7, 201 0, amendments.) But the Office failed to consider that 
claim 34 currently recites, not only that the preparation is "liquid" and "has not been 
subject to lyophilization," but also that the preparation "is not lyophilized prior to 
administration." Hence, for all of the reasons above and in Section ll(A), the Office has 
not made a prima facie case of obviousness against claim 34. 

Appellants further note that the evidence of unexpected results and commercial 
success applies also to claim 34, in that both Privigen® and Hizentra™ are liquid 
preparations that are not lyophilized prior to administration according to claim 34. Yet 
each composition retains an exceptional stability and shelf-life at room temperature. 

For all of the reasons in Section ll(A) and above, Appellants urge the Board to 
overturn the rejection of claim 34. 

G. Claim 35 

Claim 35 depends from claim 29 and recites that the "proline is L-proline and the 
concentration of the L-proline in the preparation is from 0.2 to 0.4 M, and wherein the 
concentration of IgG in the preparation is 6-15% w/v." All of Appellants' remarks with 
respect to claim 29 also apply to claim 35. Thus, Section 1 1 (A) of this Argument is 
incorporated herein. 

In addition, the Office has not set forth any reasoning as to why the particular set 
of conditions of claim 35 should be found obvious over the cited references. For 
example, if, for the sake of argument, the combination of the '586 patent and the '139 
publication relates to a polyclonal IgG preparation, that combination does not suggest 
the specific L-proline concentration range of claim 35 and pH range of claim 29 coupled 
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with a protein concentration range of 6-15% w/v. Instead, the '586 patent does not 
mention a stabilizer comprising proline ,or any other amino acid, and the '1 39 
publication mentions an amino acid concentration of "between about 25-150 mM" and 
prefers glycine at about 50 mM, which is a lower range than claimed in claim 33, and at 
pH 6, which is above the range of claim 29. ('139 publication at paragraphs [0013], 
[0032], and [0151], for example.) And, while the Office contends that the '139 
publication refers to protein concentrations from 100-162 mg/ml (10-16.2% w/v), that 
disclosure is irrelevant to claim 35. (June 7, 201 1 , Office Action at 4, fourth paragraph.) 
The '139 publication refers to a purified, recombinant protein and not to a polyclonal IgG 
preparation as claimed here, and so, does not address the special stability issues of a 
polyclonal IgG preparation. 

The Office has not provided any reason why a person of ordinary skill in the art 
knowing nothing of the invention of claim 35 would have picked the particular conditions 
of that claim. In fact, the Office did not specifically address claim 35 and its combination 
of features in either the May 1 9, 201 0, or the June 7, 201 1 , Office Action. 

Hence, for these reasons, as well as for all of the reasons in Section ll(A), the 
Office has not made a prima facie case of obviousness against claim 35. 

Appellants further note that the evidence of unexpected results and commercial 
success applies also to claim 35, because (1) the concentration of IgG in Privigen® falls 
within that of claim 35, while that of Hizentra™ is even higher than the range of claim 
35, (2) the concentration of L-proline in each of those preparations is 210-290 mM, 
which falls within the claimed range, and (3) the pH range of each product falls within 
that of claim 29. 
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For all of the reasons in Section ll(A) and above, Appellants urge the Board to 

overturn the rejection of claim 35. 

H. Claim 36 

Claim 36 depends from claim 35, which, in turn, depends from claim 29. Claim 
36 recites that the preparation of claim 35 "is a liquid preparation that has not been 
lyophilized and is not lyophilized prior to administration." All of Appellants' remarks with 
respect to claims 29 and 35 also apply to claim 36. Thus, Sections 1 1 (A) and (G) of this 
Argument are incorporated herein. 

Moreover, the Office has not set forth any reasoning as to why the particular set 
of conditions of claim 36 should be found obvious over the cited references. For 
example, if, for the sake of argument, the combination of the '586 patent and the '139 
publication relates to a polyclonal IgG preparation, that combination does not suggest 
the specific L-proline concentration range of claim 35 coupled with a protein 
concentration of 6-15% w/v, and a pH of about 4.2 to about 5.4, wherein the preparation 
does not comprise nicotinamide. Instead, the '586 patent does not even mention a 
stabilizer comprising proline, or any other amino acid, and the '139 publication mentions 
an amino acid concentration of "between about 25-150 mM" and prefers glycine at 
about 50 mM, which is a lower range than claimed in claim 35, and a pH 6, which is 
above the range of claim 29. ('139 publication at paragraphs [0013], [0032], and [0151], 
for example.) And, while the Office contends that the '139 publication refers to protein 
concentrations from 100-162 mg/ml (10-16.2% w/v), that disclosure is irrelevant to claim 
36. (June 7, 201 1 , Office Action at 4, fourth paragraph.) The '1 39 publication refers to 
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a purified, recombinant protein and not to a polyclonal IgG preparation as claimed here, 
and so, does not address the special stability issues of a polyclonal IgG preparation. 

Yet further, this combination of references does not suggest a preparation 
comprising the specifically-claimed features of claims 29 and 35 including stabilizer 
ingredients, pH range, L-proline concentration range, and protein concentration range, 
and that is also in liquid form and not lyophilized prior to administration. Instead, the 
'139 publication relates to formulations of a recombinant protein that comprise a 
"lyoprotectant," and therefore, are intended to be lyophilized, while the '586 patent does 
not disclose a stabilizer comprising any amino acid, let alone one comprising proline. 
('139 publication at paragraph [0010], for example.) The Office has not provided any 
reason why a person of ordinary skill in the art knowing nothing of the invention of claim 
36 would have picked the particular conditions of that claim. 

Appellants also note that the Office's assertions in the June 7, 201 1 , Office 
Action do not take into account Appellants' amendment to claim 36 of September 17, 

2010. Specifically, the Office asserted that the phrase "wherein the preparation is a 
liquid preparation that has not been subject to lyophilization" could encompass a 
preparation that is lyophilized and reconstituted at some future time. {See June 7, 

201 1 , Office Action at page 4, second to last paragraph; and cf. page 2, paragraph 1 , 
entering Appellants' September 17, 2010, amendments.) But the Office failed to 
consider that claim 36 currently recites, in addition, that the preparation "is not 
lyophilized prior to administration." 

Hence, for all of the reasons above and in Sections 1 1 (A) and (G), the Office has 
not made a prima facie case of obviousness against claim 36. 
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The evidence of unexpected results and commercial success applies also to 
claim 36, because (1) the concentration of IgG in Privigen® falls within that of claim 35, 
while that of Hizentra™ is even higher than the range of claim 35, (2) the concentration 
of L-proline in each of those preparations is 210-290 mM, which falls within the range of 
claim 35, (3) the pH range of each product falls within that of claim 29, and (4) each of 
those preparations is a liquid preparation that is not lyophilized prior to administration, 
as recited in claim 36. 

For all of the reasons in Sections ll(A) and (G) and provided above, Appellants 
urge the Board to overturn the rejection of claim 36. 

I. Claim 37 

Claim 37 depends from claim 29 and recites that the "preparation has a pH of 
about 4.6 to about 5.0, the proline is L-proline and the concentration of the L-proline in 
the preparation is from 0.2 to 0.3 M, and wherein the concentration of polyclonal IgG in 
the preparation is 8-12% w/v." Claims 30, 32, and 33, also recite the polyclonal IgG 
concentration range, the pH range, or the L-proline concentration range of claim 37, 
respectively. Thus, all of Appellants' remarks with respect to claims 29, 30, 32, and 33 
also apply to claim 37 and Sections 1 1 (A), (B), (D), and (E) of this Argument are 
incorporated herein. 

In addition, the combination of cited references does not suggest a polyclonal 
IgG preparation with the specific set of pH, L-proline concentration, and protein 
concentration required by claim 37. And the Office has not provided any reason why a 
person of ordinary skill in the art knowing nothing of the invention of claim 37 would 
have picked the particular conditions of that claim. 
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For example, while the Office contends that the '139 publication refers to protein 
concentrations from 100-162 mg/ml (10-16.2% w/v), that disclosure is irrelevant to claim 
37 because the cited publication refers to a purified, recombinant protein and not to a 
polyclonal IgG preparation. (June 7, 201 1 , Office Action at 4, fourth paragraph.) 
Hence, the cited publication does not address the stability concerns related to the 
claimed preparation. In addition, the combination of the '586 patent and the '139 
publication does not suggest the specific pH range of claim 37. Instead, the two 
documents have conflicting teachings with regard to pH, the '139 publication suggesting 
an optimal pH of 6.0, and the '586 patent teaching a lower pH range. And the reference 
combination does not suggest the specific L-proline concentration range of claim 37. 
Instead, the '586 patent does not mention a stabilizer comprising proline ,or any other 
amino acid, while the '139 publication mentions a concentration of "between about 25- 
150 mM" and prefers glycine at about 50 mM, which is lower than the claimed range, 
and at pH 6, which is higher than the claimed range. ('139 publication at paragraphs 
[0013] and [0032], for example.) 

The Office also did not specifically address claim 37 and its combination of 
features in either the May 1 9, 201 0, or the June 7, 201 1 , Office Action. The June 7, 
201 1 , Office Action, for example, provides no specific remarks regarding this claim. 

For all of the reasons above, as well as for the reasons provided in Sections 
ll(A), (B), (D), and (E), the Office has not made a prima facie case of obviousness 
against claim 37. 

Moreover, the evidence of unexpected results and commercial success applies 
also to claim 37, because (1) the concentration of IgG in Privigen® falls within that of 



38 



Application No. 10/579,357 

Attorney Docket No. 06478.1507-00000 

claim 37, while that of Hizentra™ is even higher than the range of claim 37, and (2) the 
concentration of L-proline in each of those preparations is 210-290 mM, which falls 
within the claimed range. 

For all of the reasons in Sections ll(A), (B), (D), and (E), and provided above, 
Appellants urge the Board to overturn the rejection of claim 37. 

J. Claim 38 

Claim 38 depends from claim 37, which depends from claim 29. Claim 38 recites 
that the preparation or claim 37 "is a liquid preparation that has not been lyophilized and 
is not lyophilized prior to administration." All of Appellants' remarks with respect to 
claims 29 and 37 also apply to claim 38. Thus, Sections ll(A), (B), (D), (E), (F), (H), and 
(I) of this Argument are incorporated herein. 

In particular, the combination of cited references does not suggest a polyclonal 
IgG preparation with the specific set of pH, L-proline concentration, and protein 
concentration required by claim 37. For example, while the Office contends that the 
'139 publication refers to protein concentrations from 100-162 mg/ml (10-16.2% w/v), 
that disclosure is irrelevant to claim 38 because the cited publication refers to a purified, 
recombinant protein and not to a polyclonal IgG preparation. (June 7, 201 1 , Office 
Action at 4, fourth paragraph.) Hence, the cited publication does not address the 
stability concerns related to the claimed preparation. In addition, the combination of the 
'586 patent and the '139 publication does not suggest the specific pH range of claim 37. 
Instead, the two documents have conflicting teachings with regard to pH, the '139 
publication suggesting an optimal pH of 6.0, and the '586 patent teaching a lower pH 
range. And the reference combination does not suggest the specific L-proline 
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concentration range of claim 37. Instead, the '586 patent does not mention a stabilizer 
comprising proline, or any other amino acid, and the '139 publication mentions a 
concentration of "between about 25-150 mM" and prefers glycine at about 50 mM, 
which is much lower than the claimed range, and at pH 6, which is higher than the 
claimed range. ('139 publication at paragraphs [0013] and [0032], for example.) 

Furthermore, this combination of references does not suggest a preparation 
comprising the specifically-claimed features of claim 37 including stabilizer ingredients, 
pH range, L-proline concentration range, and protein concentration range, and that is 
also in liquid form and not lyophilized prior to administration, as recited in claim 38. 
Instead, the '139 publication relates to formulations of a recombinant protein that 
comprise a "lyoprotectant," and therefore, are intended to be lyophilized, while the '586 
patent does not disclose a stabilizer comprising any amino acid, let alone one 
comprising proline. ('139 publication at paragraph [0010], for example.) 

The Office also did not specifically address claim 38 and its combination of 
features in either the May 1 9, 201 0, or the June 7, 201 1 , Office Action. For all of the 
reasons above, as well as for the reasons provided in Sections ll(A), (B), (D), (E), (F), 
(H), and (I), the Office has not made a prima facie case of obviousness against claim 
38. 

The evidence of unexpected results and commercial success applies also to 
claim 38, because (1) the concentration of IgG in Privigen® falls within that of claim 37, 
while that of Hizentra™ is even higher than the range of claim 37, (2) the concentration 
of L-proline in each of those preparations is 210-290 mM, which falls within the range of 
claim 37, (3) the pH range of each of those commercial preparations falls within that of 
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claim 37, and (4) each of those preparations is a liquid preparation and is not lyophilized 
prior to administration, as recited in claim 38. 

For all of the reasons in Sections ll(A), (B), (D), (E), (F), (H), and (I), and 
provided above, Appellants urge the Board to overturn the rejection of claim 38. 

K. Claim 39 

Claim 39 depends from claim 29 and recites that the "proline is L-proline and the 
concentration of the L-proline in the preparation is from 0.2 to 0.4 M, and wherein the 
concentration of IgG in the preparation is 15-20% w/v." Claim 35 also recites the same 
L-proline concentration range as claim 39. Thus, all of Appellants' remarks with respect 
to claims 29 and 35 also apply to claim 39 and Sections 1 1 (A) and (G) of this Argument 
are incorporated herein. 

Moreover, if, for the sake of argument, the combination of the '586 patent and the 
'139 publication relates to a polyclonal IgG preparation, that combination does not 
suggest the specific L-proline concentration range of claim 39 coupled with the protein 
concentration of 1 5-20% w/v at a pH of about 4.2 to about 5.4. Instead, the '586 patent 
does not mention a stabilizer comprising proline ,or any other amino acid, and the '1 39 
publication mentions a concentration of "between about 25-150 mM" and prefers glycine 
at about 50 mM, which is much lower than the claimed range, and at pH 6, which is 
higher than the claimed range. ('139 publication at paragraphs [0013], [0032], and 
[0151], for example.) And, while the Office contends that the '139 publication refers to 
protein concentrations from 100-162 mg/ml (10-16.2% w/v), that disclosure is irrelevant 
to claim 39. (June 7, 201 1 , Office Action at 4, fourth paragraph.) The '1 39 publication 
refers to a purified, recombinant protein and not to a polyclonal IgG preparation as 
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claimed here, and so, does not address the special stability issues of a polyclonal IgG 
preparation. 

Yet further, the polyclonal IgG concentration range recited in claim 39 is 
significantly higher than that of any commercial polyclonal IgG preparation on the U.S. 
market when this application was filed (e.g., about 5-10% w/v compared to the claimed 
1 5-20% w/v). Neither of the cited references cited suggests that such a highly 
concentrated polyclonal IgG preparation could be obtained using a stabilizer comprising 
L-proline from 0.2 to 0.4 M, a pH of about 4.2 to about 5.4, and not comprising 
nicotinamide. Nor has the Office provided any reasoning to support a contention of 
obviousness with respect to claim 39. The June 7, 201 1 , Office Action provides no 
specific remarks regarding this claim. 

Thus, for the reasons above as well as for all of the reasons provided in Sections 
1 1 (A) and (G), the Office has not provided a prima facie case against claim 39. 

Appellants further note that the evidence of unexpected results and commercial 
success applies also to claim 39, because (1) the concentration of IgG in Hizentra™ 
falls within that of claim 39, (2) the concentration of L-proline in Hizentra™ is 210-290 
mM, which falls within the range of claim 39, and (3) the Hizentra™'s pH is within the 
range of claim 29. 

For all of the reasons in Sections ll(A) and (G) and provided above, Appellants 
urge the Board to overturn the rejection of claim 39. 

L. Claim 40 

Claim 40 depends from claim 39, which in turn, depends from claim 29. Claim 40 
recites that the preparation "is a liquid preparation that has not been lyophilized and is 
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not lyophilized prior to administration." All of Appellants' remarks with respect to claims 
29 and 39 also apply to claim 40. Thus, Sections ll(A), (G), and (K) of this Argument 
are incorporated herein. 

Moreover, if, for the sake of argument, the combination of the '586 patent and the 
'139 publication relates to a polyclonal IgG preparation, that combination does not 
suggest the specific L-proline and protein concentration ranges of claim 39 at a pH of 
about 4.2 to about 5.4 as recited in claim 29. Instead, the '586 patent does not mention 
a stabilizer comprising proline ,or any other amino acid, and the '139 publication 
mentions a concentration of "between about 25-150 mM" and prefers glycine at about 
50 mM, which is a lower range than claimed in claim 39, and at pH 6, which is above 
the range of claim 29. ('1 39 publication at paragraphs [001 3], [0032], and [01 51 ], for 
example.) And, while the Office contends that the '139 publication refers to protein 
concentrations from 100-162 mg/ml (10-16.2% w/v), that disclosure is irrelevant to claim 
40. (June 7, 201 1 , Office Action at 4, fourth paragraph.) The '1 39 publication refers to 
a purified, recombinant protein and not to a polyclonal IgG preparation as claimed here, 
and so, does not address the special stability issues of a polyclonal IgG preparation. 

In fact, the polyclonal IgG concentration range recited in claim 39 is significantly 
higher than that of any commercial polyclonal IgG preparation on the U.S. market when 
this application was filed (e.g., about 10% w/v compared to the claimed 15-20% w/v). 
Neither of the references cited by the Office suggests that such a highly concentrated 
polyclonal IgG preparation could be obtained using a stabilizer comprising L-proline 
from 0.2 to 0.4 M, a pH of about 4.2 to about 5.4, and not comprising nicotinamide. 



43 



Application No. 10/579,357 

Attorney Docket No. 06478.1507-00000 

Even further, this combination of references does not suggest a preparation with 
such a high polyclonal IgG concentration range, as well as the specifically recited 
stabilizer and pH requirements, that is also in liquid form and not lyophilized prior to 
administration. Instead, the '139 publication relates to formulations of a recombinant 
protein that comprise a "lyoprotectant," and therefore, are intended to be lyophilized, 
while the '586 patent does not disclose a stabilizer comprising any amino acid, let alone 
one comprising proline. ('139 publication at paragraph [0010], for example.) The Office 
has not provided any reason why a person of ordinary skill in the art knowing nothing of 
the invention of claim 40 would have picked the particular conditions of that claim. 

In addition, the Office's assertions in the June 7, 201 1 , Office Action do not take 
into account Appellants' amendment to claim 40 of September 17, 2010. Specifically, 
the Office asserted that the phrase "wherein the preparation is a liquid preparation that 
has not been subject to lyophilization" could encompass a preparation that is lyophilized 
and reconstituted at some future time. (See June 7, 201 1 , Office Action at page 4, 
second to last paragraph; and cf. page 2, paragraph 1 , entering Appellants' September 
1 7, 201 0, amendments.) But the Office failed to consider that claim 40 currently recites, 
in addition, that the preparation "is not lyophilized prior to administration." 

For all of the reasons above as well as for all of the reasons provided in Sections 
1 1 (A), (G),and (K), the Office has not provided a prima facie case against claim 40. 

Appellants further note that the evidence of unexpected results and commercial 
success applies also to claim 40, because (1) the concentration of IgG in Hizentra™ 
falls within that of claim 39, (2) the concentration of L-proline in Hizentra™ is 210-290 
mM, which falls within the range of claim 39, (3) Hizentra™'s pH is within the range of 
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claim 29, and (4) Hizentra™ is a liquid preparation that is not lyophilized prior to 
administration. 

For all of the reasons in Sections ll(A), (G), and (K), and provided above, 
Appellants urge the Board to overturn the rejection of claim 40. 

M. Claim 45 

Claim 45 depends from claim 39, which, in turn, depends from claim 29. It 
recites that "the concentration of IgG in the preparation is 20% w/v." All of Appellants' 
remarks with respect to claims 29 and 39 also apply to claim 45. Thus, Sections 1 1 (A), 
(G), and (K) of this Argument are incorporated herein. 

Moreover, if, for the sake of argument, the combination of the '586 patent and the 
'139 publication relates to a polyclonal IgG preparation, that combination does not 
suggest the specific, claimed L-proline concentration range coupled with a protein 
concentration of 20% w/v at a pH of about 4.2 to about 5.4. Instead, the '586 patent 
does not mention any stabilizer comprising proline, or any other amino acid, while the 
'139 publication mentions an amino acid concentration of "between about 25-150 mM" 
and prefers glycine at about 50 mM, which is much lower range than claimed here, and 
at pH 6, which is higher than claimed here. ('139 publication at paragraphs [0013], 
[0032], and [0151], for example.) And, while the Office contends that the '139 
publication refers to protein concentrations from 100-162 mg/ml (10-16.2% w/v), that 
disclosure is irrelevant to claim 40. (June 7, 201 1 , Office Action at 4, fourth paragraph.) 
The '139 publication refers to a purified, recombinant protein and not to a polyclonal IgG 
preparation as claimed here, and so, does not address the special stability issues of a 
polyclonal IgG preparation. 
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In addition, the 20% w/v polyclonal IgG concentration recited in claim 45 is at 
least twice that of any commercial polyclonal IgG preparation on the U.S. market when 
this application was filed (e.g., about 5-10%). Neither of the references cited by the 
Office refers to a protein preparation at such a highconcentration, or suggests that such 
a highly concentrated polyclonal IgG preparation could be obtained using a stabilizer 
comprising L-proline from 0.2 to 0.4 M, a pH of about 4.2 to about 5.4, and not 
comprising nicotinamide. Nor has the Office provided any reasoning to support a 
contention of obviousness with respect to claim 45. The June 7, 201 1 , Office Action 
provides no specific remarks regarding this claim. 

Thus, for the reasons above, as well as those provided in Sections ll(A), (G), and 
(K), the Office has not provided a prima facie case against claim 45. 

Appellants further note that the evidence of unexpected results and commercial 
success applies also to claim 45, because the concentration of IgG in Hizentra™ is 20% 
w/v, as recited in claim 45, the concentration of L-proline in Hizentra™ is 210-290 mM, 
which falls within the claimed range, while the pH range of Hizentra™ also falls within 
the claimed range. 

For all of the reasons in Sections ll(A), (G), and (K), and provided above, 
Appellants urge the Board to overturn the rejection of claim 45. 

N. Independent Claim 41 

Claim 41 is an independent claim that recites a "stable liquid polyclonal IgG 
preparation, wherein the preparation comprises polyclonal IgG and a stabilizer 
consisting essentially of proline, has a pH of about 4.2 to about 5.4, and wherein the 
preparation is not lyophilized prior to administration." 
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In contrast to independent claim 29, addressed in Section 1 1 (A), claim 41 recites 
that the preparation is "liquid" and "is not lyophilized prior to administration." Thus, the 
preparation, once made, is not lyophilized and reconstituted. In addition, the "stabilizer 
consists essentially of proline." 

The Office never specifically considered independent claim 41 in either the May 
1 9, 201 0, or the June 7, 201 1 , Office Actions. For that reason alone, the Office has not 
established a prima facie case of obviousness with respect to claim 41 . 

Nonetheless, because all of Appellants' arguments presented in Section 1 1 (A) 
regarding independent claim 29 also apply to independent claim 41 , Section 1 1 (A) is 
incorporated herein. 

Furthermore, the '586 and '139 publications do not suggest that a polyclonal IgG 
preparation could remain stable for its intended use with a stabilizer consisting 
essentially of proline and while in the liquid form. As Appellants previously outlined in 
Section 11(A)(1), neither publication relates to polyclonal IgG preparations, but to 
preparations of individual, purified, recombinant proteins. Polyclonal IgG preparations 
have unique stability problems because they are mixtures of many different 
immunoglobulin species that may form unwanted dimers as well as higher order 
aggregates. They may also oxidize and degrade. In contrast, the pure preparations of 
a single protein species disclosed in the '586 and '139 publications do not face such 
dimerization problems, for example. Thus, a person of ordinary skill could not 
determine whether the excipients taught in those two publications could solve the 
dimerization problem unique to polyclonal IgG preparations. 
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In addition, neither publication presents any information to predict that a stabilizer 
consisting essentially of proline at the claimed pH range could adequately stabilize a 
liquid polyclonal IgG preparation without lyophilization. The '586 patent, in addition to 
its other defects, does not mention any amino acid as a potential protein stabilizer, let 
alone proline specifically. Instead, it mentions a vast number of sugars and sugar 
alcohols and surfactants as putative stabilizers. (See Section 11(A)(3) above.) And the 
'139 publication, while it mentions proline, also mentions the amino acids alanine, 
glycine, glycylglycine, leucine, isoleucine, creatinine, arginine, and lysine. (See Tables 
2-4 and 7-9; paragraphs [0032], [0039], and [0137]-[0138].) Its working examples 
mostly use glycine as an amino acid stabilizer. (See Tables 2-4 and 7-9.) In fact, the 
publication explicitly states that glycine is preferred and teaches an optimal formulation 
of a histidine buffer at pH 6 with glycine, the sugar trehalose, and the surfactant Tween® 
80 as stabilizers. (Paragraph [0151]; see also paragraph [0126].) Thus, even if the '139 
publication is relevant to claim 41 merely because it mentions proline, the publication 
teaches that its optimal formulations use a mixture of a sugar, surfactant, and glycine, 
and are also at pH 6, which is well above the pH range recited in claim 41 . That 
disclosure is inconsistent with suggesting a stabilizer consisting essentially of proline. 

Appellants simply fail to see how a person of ordinary skill in the art, knowing 
nothing of the invention of claim 41 , could have derived that specific preparation from 
such unrelated disclosures as the '586 patent and '139 publication. At the very best, 
those two publications provide a wide range of excipients that one could have tried 
either alone or in mixtures without providing predictions as to which specific excipients 
or combinations would adequately solve the unique stability problems of polyclonal 
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IgGs. This is a far cry from the "finite number of identified, predictable solutions" that 
the Supreme Court has stated could render a claim obvious as being "obvious to try." 
KSR, at 1742. 

The two cited publications should also be considered against the knowledge in 
the art that the commercially available liquid polyclonal IgG preparations at the relevant 
time were generally stabilized by maltose and/or glucose sugars. {See Section 1 11(A)(3) 
above.) The invention of claim 41 is a significant departure from such prior products. 

The Office did not provide any reason to explain why the two cited references 
should render claim 41 obvious because the Office Actions never specifically addressed 
claim 41 . Hence, the Office did not provide any prima facie case of obviousness 
against claim 41. 

Furthermore, Appellants have provided documentary evidence of both 
unexpected results and commercial success related to the preparation of claim 41 . In 
particular, the commercial product Privigen® is encompassed by claim 41 . Privigen® is 
a liquid polyclonal IgG preparation comprising about 10% polyclonal IgG formulated with 
210 to 290 mM L-Proline at pH of about 4.8, and which is not lyophilized before 
administration. As noted in Section 11(A)(4) above, Appellants have submitted the U.S. 
Food and Drug Administration approved package insert, a 2009 article by M. Cramer et 
al., as well as an International Blood/Plasma News excerpt from April, 201 0, to the 
Office. The Cramer article and the International Blood/Plasma News excerpt explain 
that Privigen® is the first liquid polyclonal IgG preparation on the U.S. market, not 
lyophilized prior to administration, that is stable at room temperature for three years. 
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The Cramer article contrasts the stability of Privigen® with that of other liquid 
polyclonal IgG preparations available at that time. Cramer et al. state that the "liquid 
IVIG formulations have limited shelf-lives. Long-term storage of liquid IVIG formulations 
has therefore required the use of refrigerated conditions until now." (Page 219, column 
1 ; Discussion, first paragraph.) Cramer et al. further state that "[t]hese solutions are 
stable at room temperature for only a few months." (Discussion section, first column, 
page 225.) Thus, Privigen® is about three-times more stable than the previously 
available liquid polyclonal IgG preparations despite the fact that it also has a relatively 
high polyclonal IgG concentration compared to those other formulations. {See Id.; 
Privigen®'s protein concentration is 10% while other commercial formulations had 
concentrations ranging from about 5-10%.) And again, Privigen®'s three year, room 
temperature shelf life was approved by the U.S. Food and Drug Administration as the 
longest shelf life among the then-available liquid polyclonal IgG preparations. {See the 
International Blood/Plasma News excerpt.) All of these benefits attest to the 
exceptional stability provided by a stabilizer consisting essentially of proline at a pH of 
about 4.2 to about 5.4. 

Furthermore, protein formulation is inherently unpredictable. Trial and error 
experimentation is generally required to determine whether a particular excipient can 
adequately stabilize a polyclonal IgG preparation against formation of dimers, 
aggregates, fragments, and oxidation products. {See, e.g., Declaration of R. Bolli under 
37 C.F.R. § 1.132.) Due to the general unpredictability of successfully minimizing the 
formation of dimers, aggregates, fragments, and oxidation products in a polyclonal IgG, 
one of ordinary skill in the art would not have expected that, by using a stabilizer 
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consisting essentially of proline, one could achieve such high stability at room 
temperature despite retaining a relatively high protein concentration. 

The Office never addressed Appellants' evidence of unexpected results and 
commercial success with respect to claim 41. Instead, the Office's remarks in the June 
7, 201 1 , Office Action refer only to claim 29. (See, e.g., page 6, final paragraph, 
referring to the term "comprising" being "considered open" and specifically referring to 
claim 29.) 

For all of the reasons above as well as the reasons provided in Section 1 1 (A), 
Appellants urge the Board to overturn the rejection of claim 41 . 

O. Claim 42 

Claim 42 depends from claim 41 and recites that "the proline is L-proline and the 
concentration of the L-proline in the preparation is from 0.2 to 0.4 M and wherein the 
concentration of the IgG in the preparation is 6-15% w/v." The additional limitations of 
claim 42 were also recited in claim 35. Accordingly, the remarks of Section ll(N), as 
well as those made previously in Sections 1 1 (A) and (G) also apply to claim 42 and those 
three sections are incorporated herein. 

In addition to failing to provide any specific remarks regarding claim 41 , the 
Office has not set forth any reasoning as to why the particular set of conditions of claim 
42 should be found obvious over the cited references. For that reason alone, the Office 
has not set forth a prima facie case with respect to claim 42. 

But further, the '586 patent and the '139 publication, added to all of their other 
deficiencies, do not suggest the specific L-proline concentration range of claim 42 
coupled with the pH range of claim 41 and protein concentration range of 6-15% w/v in 
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a preparation that is liquid and not lyophilized before administration. Instead, the '586 
patent does not mention a stabilizer comprising proline, or any other amino acid, and 
the '139 publication mentions an amino acid concentration of "between about 25-150 
mM" and prefers glycine at about 50 mM, which is a lower range than claimed in claim 
42, and at pH 6, which is above the range of claim 41 . ('1 39 publication at paragraphs 
[001 3], [0032], and [0151], for example.) And, while the Office contends that the '1 39 
publication refers to protein concentrations from 100-162 mg/ml (10-16.2% w/v), that 
disclosure is irrelevant to claim 42. (June 7, 201 1 , Office Action at 4, fourth paragraph.) 
The '139 publication refers to a purified, recombinant protein and not to a polyclonal IgG 
preparation as claimed here, and so, does not address the special stability issues of a 
polyclonal IgG preparation. 

For these additional reasons, as well as for all of the reasons in Sections 1 1 (A), 
(G), and (N), the Office has not made a prima facie case of obviousness against claim 
42. 

Appellants further note that the evidence of unexpected results and commercial 
success applies to claim 42 as well as to claim 41 , because (1) the concentration of IgG 
in Privigen® falls within that of claim 42, (2) the concentration of L-proline in Privigen® is 
210-290 mM, which falls within the claimed range, (3) the pH range of Privigen® falls 
within that of claim 41 , and (4) Privigen® is a stable liquid preparation that is not 
lyophilized prior to administration. 

For all of the reasons in Sections ll(A), (G), and (N), and given above, Appellants 
urge the Board to overturn the rejection of claim 42. 
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P. Claim 43 

Claim 43 depends from claim 41 and recites that the "proline is L-proline and the 
concentration of the L-proline in the preparation is from 0.2 to 0.3 M, and wherein the 
concentration of IgG in the preparation is 8-12% w/v." The individual limitations of claim 
43 were also recited in claims 30 and 33. Hence, the remarks of Section ll(N), as well 
as those made previously in Sections ll(A), (B), and (E) also apply to claim 43 and are 
incorporated herein. 

In addition to failing to provide any specific remarks regarding claim 41 , the 
Office has not set forth any reasoning as to why the particular set of conditions of claim 
43 should be found obvious over the cited references. For that reason alone, the Office 
has not set forth a prima facie case with respect to claim 43. 

Moreover, the '586 patent and the '139 publication, added to all of their other 
defects, do not suggest the specific L-proline concentration range of claim 43 and pH 
range of claim 41 coupled with a protein concentration range of 8-12% w/v in a 
preparation that is liquid and not lyophilized before administration. Instead, the '586 
patent does not mention a stabilizer comprising proline, or any other amino acid, and 
the '139 publication mentions an amino acid concentration of "between about 25-150 
mM" and prefers glycine at about 50 mM, which is a lower range than claimed in claim 
43, and at pH 6, which is above the range of claim 41 . ('1 39 publication at paragraphs 
[001 3], [0032], and [0151], for example.) And, while the Office contends that the '1 39 
publication refers to protein concentrations from 100-162 mg/ml (10-16.2% w/v), that 
disclosure is irrelevant to claim 43. (June 7, 201 1 , Office Action at 4, fourth paragraph.) 
The '139 publication refers to a purified, recombinant protein and not to a polyclonal IgG 
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preparation as claimed here, and so, does not address the special stability issues of a 
polyclonal IgG preparation. 

For these additional reasons, as well as for all of the reasons in Sections 1 1 (A), 
(B), (E), and (N), the Office has not made a prima facie case of obviousness against 
claim 43. 

Furthermore, the evidence of unexpected results and commercial success 
applies to claim 43 as well as to claim 41 , because (1 ) the concentration of IgG in 
Privigen® falls within that of claim 43, (2) the concentration of L-proline in Privigen® is 
210-290 mM, which falls within the claimed range, (3) the pH range of Privigen® falls 
within that of claim 41 , and (4) Privigen® is a stable liquid preparation that is not 
lyophilized prior to administration. 

For all of the reasons in Sections ll(A), (B), (E), and (N), and given above, 
Appellants urge the Board to overturn the rejection of claim 43. 

Q. Claim 44 

Claim 44 depends from claim 41 and recites that the "proline is L-proline and the 
concentration of the L-proline in the preparation is from 0.2 to 0.4 M, and wherein the 
concentration of IgG in the preparation is 15-20% w/v." The individual limitations of 
claim 44 are also recited in claim 39. Hence, all of the remarks of Section ll(N), as well 
as those made previously in Sections 1 1 (A) and (K) also apply to claim 44 and are 
incorporated herein. 

In addition to failing to provide any specific remarks regarding claim 41 , the 
Office has not set forth any reasoning as to why the particular set of conditions of claim 
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44 should be found obvious over the cited references. For that reason alone, the Office 
has not set forth a prima facie case with respect to claim 44. 

Moreover, the '586 patent and the '139 publication, added to all of their other 
deficiencies explained in Sections ll(A) and (N), do not suggest the specific L-proline 
concentration range of claim 44 and pH range of claim 41 coupled with a protein 
concentration range of 15-20% w/v in a preparation that is liquid and not lyophilized 
before administration. Instead, the '586 patent does not mention a stabilizer comprising 
proline, or any other amino acid, and the '139 publication mentions an amino acid 
concentration of "between about 25-150 mM" and prefers glycine at about 50 mM, 
which is a lower range than claimed in claim 44, and at pH 6, which is above the range 
of claim 41 . ('1 39 publication at paragraphs [001 3], [0032], and [0151], for example.) 
And, while the Office contends that the '139 publication refers to protein concentrations 
from 1 00-1 62 mg/ml (1 0-1 6.2% w/v), that disclosure is irrelevant to claim 44. (June 7, 
201 1 , Office Action at 4, fourth paragraph.) The '139 publication refers to a purified, 
recombinant protein and not to a polyclonal IgG preparation as claimed here, and so, 
does not address the special stability issues of a polyclonal IgG preparation. 

For these additional reasons, as well as for all of the reasons in Sections 1 1 (A), 
(K), and (N), the Office has not made a prima facie case of obviousness against claim 
44. 

Furthermore, the evidence of unexpected results and commercial success 
applies to claim 44 as well as to claim 41 . While the concentration of polyclonal IgG in 
Privigen® is below that of claim 44, the concentration of polyclonal IgG in Hizentra™ is 
within the range of claim 44. In addition, the concentration of L-proline and pH range in 
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both Privigen® and Hizentra™ falls within the requirements of claim 44, while both are 
also stable liquid preparations that are not lyophilized prior to administration. The 
exceptional stability of both of those commercial formulations indicates that a polyclonal 
IgG preparation with a stabilizer consisting essentially of L-proline under the conditions 
of claim 44 should also be sufficiently stable at room temperature to function as a 
therapeutic. 

For all of the reasons in Sections ll(A), (K), and (N), and given above, Appellants 
urge the Board to overturn the rejection of claim 44. 



56 



Application No. 10/579,357 

Attorney Docket No. 06478.1507-00000 

Conclusion 

For the reasons given above, elected claims 29-45 are allowable and the 
rejection of each of claims 29-45 should be reversed. 

To the extent any extension of time under 37 C.F.R. § 1 .1 36 is required to obtain 
entry of this Appeal Brief, such extension is hereby respectfully requested. If there are 
any fees due under 37 C.F.R. §§ 1 .16 or 1 .17 that are not enclosed herewith, including 
any fees required for an extension of time under 37 C.F.R. § 1 .1 36, please charge such 
fees to Deposit Account No. 06-0916. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER, LLP. 

Dated: October 3, 201 1 By: 

Elizabeth A. Doherty 
Reg. No. 50,894 



57 



Application No.: 10/579,357 
Attorney Docket No.: 06478.1507-00 



Claims Appendix to Appeal Brief Under Rule 41.37(c)(1)(viii) 

A listing of the claims on appeal is as follows: 

29. A stable polyclonal IgG preparation, wherein the preparation comprises polyclonal 
IgG and a stabilizer comprising proline, has a pH of about 4.2 to about 5.4, and does 
not comprise nicotinamide. 

30. The preparation of claim 29, wherein the concentration of IgG in the preparation is 
8-12%w/v. 

31 . The preparation of claim 30, wherein the concentration of IgG in the preparation is 
10%w/v. 

32. The preparation of claim 29, wherein said preparation has a pH of about 4.6 to 
about 5.0. 

33. The preparation of claim 29, wherein said proline is L-proline, and the concentration 
of L-proline in the preparation is from 0.2 to 0.3 M. 

34. The preparation of claim 29, wherein the preparation is a liquid preparation that has 
not been lyophilized and is not lyophilized prior to administration. 

35. The preparation of claim 29, wherein the proline is L-proline and the concentration 
of the L-proline in the preparation is from 0.2 to 0.4 M, and wherein the concentration of 
IgG in the preparation is 6-15% w/v. 
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36. The preparation of claim 35, wherein the preparation is a liquid preparation that has 
not been lyophilized and is not lyophilized prior to administration. 

37. The preparation of claim 29, wherein the preparation has a pH of about 4.6 to about 
5.0, the proline is L-proline and the concentration of the L-proline in the preparation is 
from 0.2 to 0.3 M, and wherein the concentration of IgG in the preparation is 8-12% w/v. 

38. The preparation of claim 37, wherein the preparation is a liquid preparation that has 
not been lyophilized and is not lyophilized prior to administration. 

39. The polyclonal IgG preparation of claim 29, wherein the proline is L-proline and the 
concentration of the L-proline in the preparation is from 0.2 to 0.4 M, and wherein the 
concentration of IgG in the preparation is 15-20% w/v. 

40. The preparation of claim 39, wherein the preparation is a liquid preparation that has 
not been lyophilized and is not lyophilized prior to administration. 

41 . A stable liquid polyclonal IgG preparation, wherein the preparation comprises 
polyclonal IgG and a stabilizer consisting essentially of proline, wherein the preparation 
has a pH of about 4.2 to about 5.4, and wherein the preparation is not lyophilized prior 
to administration. 

42. The stable liquid polyclonal IgG preparation of claim 41 , wherein the proline is L- 
proline and the concentration of the L-proline in the preparation is from 0.2 to 0.4 M, and 
wherein the concentration of IgG in the preparation is 6-15% w/v. 
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43. The stable liquid polyclonal IgG preparation of claim 41 , wherein the proline is L- 
proline and the concentration of the L-proline in the preparation is from 0.2 to 0.3 M, and 
wherein the concentration of IgG in the preparation is 8-12% w/v. 

44. The stable liquid polyclonal IgG preparation of claim 41 , wherein the proline is L- 
proline and the concentration of the L-proline in the preparation is from 0.2 to 0.4 M, and 
wherein the concentration of IgG in the preparation is 15-20% w/v. 

45. The preparation of claim 39, wherein the concentration of IgG in the preparation is 
20% w/v. 
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WFRODUCnON 

Since the initial discovery (Imbach et al, 1981) that idiopathic thrombocytopenic 
purpura (ITP) could be successfully treated with immune globulin intravenous 
(Igi.v.), over a thousand reports have appeared in the literature suggesting a 
beneficial effect of Igi.v. in various diseases, many of which are thought to have 
an autoimmune etiology. Although the persuasiveness of individual reports varies 
considerably, a substantial body of evidence has been amassed to support the 
contention that Igi.v. may provide therapeutic benefit, at least in some patients, 
in certain autoimmune diseases. It should be emphasized, however, that the 
efficacy of Igi.v. for the treatment of autoimmune diseases has rarely been demon- 
strated by controlled clinical trials. 

In this communication, some of the characteristic features of Igi.v. that may- 
be pertinent to its possible mode of action in the treatment of autoimmune 
diseases will be described. Although a number of theories have been proposed 
for the possible efficacy of Igi.v. in such diseases, I will concentrate or, the thesis 
that Igi.v. acts by anti-idiotypic suppression of autoantibodies. This bias is not 
necessarily because the idea seems particularly likely, but rather because it happens 
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to be intimately related to investigations from our laboratory dealing with the 
nature of the IgG dimer. 

THERAPEUTIC IMMUNE GLOBULIN PREPARATIONS 

Virtually all therapeutic immune globulins (Ig) are prepared from large pools of 
human plasma by a process of selective precipitation with ethanol at sub-zero 
temperatures. This process was developed some fifty years ago (Cohn et ai. 1946, 
Oncley et a!. 1949) and has survived, with relatively minor modifications, to the 
present day. One modification, developed by Kistler & Nitschrnann (1962), is 
employed rather widely in several European countries. These fractionation 
schemes involve the manipulation of five variables (pH, protein concentration, 
alcohol concentration, ionic strength, and temperature) to selectively precipitate 
the various proteins of plasma. Fraction II of the Cohn-Oncley process (fraction 
GG of the Kistier-Nitschmann scheme) consists of essentially pure IgG, with 
only trace amounts of other plasma proteins such as IgA or IgM, The overall 
yield of IgG is about 5 grams per liter of plasma, or about 50%. Fraction II (or 
fraction GG) serves as the starting material for the "standard" intramuscular Ig 
and for Igi.v.. Ig is prepared by removing residual alcohol from the precipitate 
by freeze-drying, then dissolving the powder to give a solution of about 16.5% 
protein. Because this product frequently invokes severe anaphylactic-iike reactions 
when given intravenously, the i.v. route of administration is contraindicated. The 
precise reasons for these reactions have not been determined, although the pres- 
ence of IgG aggregates has been implicated (Barandun et al. 1962). IgG aggregates 
may result in complement activation with release of the anaphylatoxins, C3a and 
C5a, and a correlation of adverse reactions with complement activation has 
been observed (Barandun & Isiiker 1986). Adverse reactions without significant 
complement depletion, however, have also been reported (Gerritz et al. 1976). 
Bleeker et al (1989) provided evidence that Ig, when administered intravenously 
to rats, provokes a hypotensive reaction that is mediated by the release of 
platelet activating factor from macrophages. Contamination of Ig with vasoactive 
enzymes such as prekallikrein activator or kallikrem has also been suggested as 
a possible mechanism, for adverse reactions (Alving et al. 1980). 

A variety of methods have been employed to produce Igi.v, from fraction II 
or fraction GG. Early approaches involved chemical or enzymic modification of 
the IgG in an attempt to eliminate the anticomplement activity. Methods included 
reduction and alkylation of the interchain disulfide bridges of IgG, alkylation of 
a limited number of lysyl residues with /?-propionolactone, or extensive, digestion 
with pepsin or plasrain. Although the resulting preparations were well tolerated, 
many of the Fc-mediated functions of IgG were substantially diminished. 

More recently, preparative methods have attempted to maintain the native 
structure of the molecule while removing and preventing the formation of aggre- 
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gates. High molecular weight aggregates can be removed by additional fractional 
precipitation steps employing polyethylene glycol or ethanol, by ion exchange 
chromatography, by treatment with small quantities of pepsin at pH 4, or by 
maintaining the product as a solution at pH 4 throughout its shelf-life. In freeze- 
dried products, excipients such as human albumin, polyethylene glycol, glycine 
or sugars (sucrose, maltose, mannitol or glucose) may be added in order to 
minimize aggregation resulting from lyophilization. As discussed later, these 
manipulations may affect not only the propensity of the IgG molecules to aggre- 
gate, but also the tendency to dimerize. For the most part, presently available 
preparations are well tolerated, with relatively mild reactions occurring in 1% to 
10% of the. infusions, depending upon the particular preparation and the underly- 
ing disease. 

The regulatory agencies of most countries require that each lot of Ig :! or Igi.v., 
shall be prepared from a pool of approximately equal amounts of plasma from 
not less than 1000 donors. This requirement is easily met, and often substantially 
exceeded, at the present scale of manufacturing. The rationale for this requirement 
is an attempt to assure a broad spectrum of antibody specificities to various 
pathogens. As we shall see, however, this requirement also affects the potential 
for the Igi.v. to contain antiidiotypes recognizing other antibodies present either 
in the Igi.v. itself or in recipients. Under certain conditions, these anti-idiotypes 
may pair with the complementary idiotype to form a dimeric structure (if both 
happen to be present in sufficient, concentration in the product), or they may 
interact with complementary idiotypes in a recipient to modify the function of 
the latter. 



IMMUNOGLOB UUN DIMER 
Therapeutic Ig preparations contain substantial amounts (up to 40%) of IgG 
dimer. Early investigations into the nature of this dimeric species suggested that 
it. was composed of two IgG molecules associated end-to-end (Oncley et ah 1947). 
Later, it was shown that dimerization reflected a reversible temperature-dependent 
transition, that the rate of dimer formation was exceedingly low (requiring several 
months to reach equilibrium), and that different Ig preparations differed greatly 
in their propensity to dimerize (Finlayson et al. 1971). The latter was strikingly 
demonstrated by the observation that IgG prepared in the laboratory by am- 
monium sulfate. fractionation followed by ion exchange chromatography showed 
no detectable dimer, even after treatment with ethanol, freeze drying, heating, 
prolonged storage, or combinations of these procedures. Other investigators 
(Condie 1980, Suomela 1980) also reported that Ig isolated by ion exchange 
procedures contained little or no dimer. Because of these observations, it was 
rather widely accepted that dimerization of IgG molecules in commercial Ig was 
somehow a result of the ethanol fractionation process itself. 
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The advent of high-performance exclusion chromatography (HP EC) in the late 
I970's greatly facilitated studies of the IgG dimer, which had previously required 
rather time-consuming analyses by ultracentrifugation or exclusion chromatogra- 
phy on soft gels. With s i PEC, the molecular size distribution of Ig preparations 
could be quantitatively analyzed in minutes, rather than hours or days. In the 
laboratories at the Center for Biologies Evaluation and Research, it became 
standard practice to perform HPEC on all Ig lots from various manufacturers. 
It was soon apparent that these preparations differed substantially in dimer 
content. Normal Ig lots contained from 25% to 40% dimer, whereas specific 
Ig preparations contained considerably less (5%-20%). Specific Ig preparations 
;t. | { this Ig, hepatitis B Ig, rabies Ig, etc) are prepared in the same manner and 
by the same manufacturers as Ig, differing only in that the plasma donors -are 
stimulated by immunization with the appropriate vaccine and, usually, the plasma 
pool volumes are smaller (the requirement that each lot of Ig must be prepared 
from plasma pooled from a minimum of 1000 donors does not apply to specific 
Ig). To determine whether the low dimer content of specific Ig might be related 
to the small number of donors, IgG was prepared, by the cold ethanol process 
as well as by other methods, from plasma obtained from single donors and from 
pools having known numbers of donors. These experiments led to the surprising 
discovery that IgG from single-donor plasma contained essentially no dimer 
(<1%) and, further, that the dimer content of IgG depended upon the number 
of donors contributing to the plasma pool (Tankersley et al. 1988). 

Additional studies (Tankersley et aL 1988; Roux & Tankersley 1990) to charac- 
terize IgG dimer led to the following findings: 

(1) IgG dimers are prevalent in Ig prepared from pooled plasma, whereas Ig 
prepared from single-donor plasma is virtually monomeric. The percentage of 
dimer increases in proportion to the logarithm of the number of donors. 

(2) Dimer content is independent of the method of isolation (alcohol fractionation, 
ion exchange chromatography, or affinity chromatography). Previous investi- 
gators (Finlayson et al. 1971, Condie 1980, Suomela 1980) who reported the 
absence of dimer in IgG made by ion exchange methods apparently carried out 
laboratory" scale preparations with plasma from one or a few donors, and the 
absence of dimer was incorrectly attributed to the preparative method. On the 
other hand, fractionation with ethanol is rarely performed except by commercial 
fractionators, who normally utilize large volumes of plasma from many donors. 
Recently a commercial fractionator, Massachusetts Public Health Biologic Lab- 
oratories, prepared a lot of botulism Ig by alcohol fractionation of 50 liters of 
plasma that had been collected, over a period of several months, from only 10 
immunized donors. This preparation contained < 1% dimer. 

(3) Dimer content decreases with decreasing pH, increasing temperature, increas- 
ing ionic strength, and decreasing IgG concentration, Dimers are almost com- 
pletely dissociated at pH 4 or below. Thus, little or no dimer is detected in the 
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Igi.v. manufactured by Miles, Inc. (Gamimune N) which is formulated as a 
solution at pH 4. However, when 50 different lots of this product were adjusted 
to pH 7 and stored at 5°C for several weeks before analysis, the dimer content 
of these lots ranged from 1L4% to 19.7%. 

(4) The effect of dilution on dimer content suggests that many distinct equilibria, 
with differing equilibrium constants, are involved. 

(5) F(ab)', fragments prepared from multiple-donor Ig dimerize to the same 
extent as does the IgG in the parent Ig preparation. F(ab)' 2 fragments prepared 
from single-donor IgG do not dimerize. 

(6) Neither Fc nor Fab fragments, prepared by plasmin digestion of IgG from 
large pools, form a dimeric species. Thus, two intact Fabs per IgG molecule are 
required for dimerization. 

(7) Electron microscopy reveals that IgG dimers (as well as F(ab)', dimers) consist 
of pairs in which two arms of each molecule are bound in a reciprocal fashion 
at or near the distal tips of their respective arms, as previously seen in bona fide 
idiotype-anti-idiotype complexes. 

(8) The propensity of the IgG subclasses to dimerize (IgG3 > IgGl * IgG4 > IgG2) 
parallels the reported hinge-region flexibility of the subclasses. 

(9) IgG dimerization also occurs in nonhuman species, and is dependent upon 
the number of donor animals, but the quantitative relationship differs significantly 
from that of humans. For example, the pooled sera from 49 mice yielded IgG 
containing only 2% dimer, as compared to 6% in that from 55 humans. IgG 
isolated from a sample of bovine plasma obtained from a large pool (taken from 
a railway tank-car) contained 32% dimer. In contrast to single-donor mouse or 
human IgG, which were devoid of dimer, IgG from a single cow contained 1.3% 
dimer. These apparent differences between species in the relationship between 
dimer content and the number of donors may be related to differences in body 
mass (see below). 

Taken together, the foregoing observations strongly suggest that dimerization 
of IgG is mediated via Id-aati-Id interactions. Although some of these obser- 
vations might be interpreted as suggesting that the affinity of these interactions 
are quite low (i.e., the dissociation by heating or lowering the pH, and the 
requirement for a bivalent interaction), it must be remembered that, because of 
the large number of different Ids present in solutions of Ig, the concentrations 
of the individual reactants is very low. Other investigators (Gronski et al. 1988a, 
1988b) conducted similar studies on IgG dimer and arrived at the same conclusion, 
i.e., IgG dimer is an Id-anti-Id complex. By analyzing the kinetics of monomer- 
dimer equilibria, with the assumption of simultaneous and independent interac- 
tions among IG 6 different Ids, these investigators estimated that the association 
constants were in the range of I0 !0 to 10° M _1 . Because the association constant 
for a monovalent interaction, such as might occur among Fab fragments of these 
Ids, would be approximately equal to the square root of the bivalent association 
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constant (i.e., 10 5 to 10 6 M~ l ), virtually no dimerization of such species would 
be expected. 

A MODEL FOR IMMUNOGLOBULIN DIMERIZATION 

What might account for the observation that IgG dimers are prevalent in Ig 
produced from large plasma pools but are absent in that produced from a single 
individual? II might be supposed that active mechanisms in an individual serve 
to control dimer formation. Plausible mechanisms might include the possibility 
that -a particular antibody is capable of suppressing the clonal expansion of B 
cells bearing surface Ig recognized by that antibody, or alternatively, that dimers 
are produced by an individual, but are rapidly eliminated from the circulation. 
Upon reflection, however, it is apparent that such mechanisms cannot account 
for the absence of dimer in Ig prepared from the plasma of two individuals! Also, 
the fact that dimer is observed in the IgG from a single cow would argue against 
active mechanisms involving suppression or elimination of dimers. 

It appears necessary, therefore, to consider passive mechanisms for an expla- 
nation. 

An anti-Id may be defined, in the most general terms, as an antibody with a 
combining site that recognizes; or reacts with, or has affinity for, the combining 
site of another antibody. Multiple distinct anti-Ids to the same antibody molecule 
can occur. Alternatively, the same anti-Id may recognize structurally different 
antibodies. Note the symmetry inherent in this definition. Since the interaction 
is between the combining sites of two antibodies, there is generally no basis for 
distinguishing between Id and anti-Id, unless one or the other of the interacting 
antibodies has a defined immunologic specificity. 

In the following discussion, therefore, the term Id-pair will be used to denote 
two structures which have complementarity, and the term Id-dimer will denote 
an Id-pair actually engaged in dimerization. 

The model which follows is not mathematically precise. Because of the enor- 
mous diversity of the immune system and the potential for multiple connectivity 
within the'idiotype network, certain simplifying assumptions are necessary to 
develop even a crude mathematical model of Id-dimer formation in immunoglob- 
ulin preparations. These assumptions, many of which derive, from the network 
theory as proposed by Jerne (1974), and the definitions used in developing a 
model of Id-dimer formation, will now be described. 

The species diversity (designated R) of the immune repertoire is defined as the 
number of different antibodies (hence Ids) that, can be produced through the 
combined mechanisms of V, D, and J segment recombination, H- and L-chain 
ig, and somatic mutations arising during B-cell maturation. Since these 
antibodies have different variable region sequences, they will therefore also differ 
in idiotype. 
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It Is assumed that the immune repertoire of an individual, at one point in time, 
is derived through the random selection of m clones from the available species 
repertoire, where m< <R. Because the selection of clones is random, some clones 
may, by chance, be selected more than once, so that the individual diversity 
(designated r) will be less than m. It can be shown, for reasonably large values 
of m and R (i.e., > 100), that r can be closely approximated by the expression 
R[l - exp(-m/R)]. It is further assumed that the immune repertoires of different 
individuals are independently derived by the process of random selection from 
the species repertoire as just described. It follows, therefore, that the diversity 
of Ids in immunoglobulin produced from N donors will be given by R[l •-- 
exp(-Nm/R)]. 

It is assumed that all Ids present in an immunoglobulin preparation have equal 
concentrations. Thus, the concentration of each Id will be given by the total IgG 
concentration divided by the diversity (i.e., the number of different Ids in the 
preparation). 

It is assumed that the species repertoire includes antibodies recognizing any 
possible Id. Since antibodies can be produced that recognize virtually any epitope, 
including idiotopes on other antibody molecules, this assumption does not appear 
to be unreasonable. It is further assumed that, for each distinct Id in the species 
repertoire, there exists a small number (x) of distinct anti-Ids, where x< <R/m 
(hence mx< <R), and that the value of x is the same for each Id. The term x 
defines the cross-reactivity of the Id. For mathematical simplicity, it will be 
assumed that x=l; i.e., for each Id in the species repertoire, there is one and 
only one anti-id. It should be noted that the model to be described provides 
essentially the same outcome when values of x greater than one are used, if the 
value for m is reduced proportionately. In other words, rather than assuming 
cross-reactivity to a given Id (i.e., x>l), the definition of a "clone" can be 
broadened to include all antibodies that are idiotypicaily indistinguishable, i.e., 
that cross react with a given anti-Id. 

The extent to which a given Id-pair will react to form Id-dimer is a function 
of the concentrations of the interacting Ids and the equilibrium association 
constant, K a . It will be assumed that the value for K, is the same for all of 
the various Id-pairs. Obviously, if diraer formation is to be significant, the 
concentrations of the interacting Ids cannot be much less than 1/K. ? . Again, it is 
recognized that this assumption is a gross oversimplification. 

Given the above assumptions, what can be said about the quantity of dimer 
in IgG preparations as a function of the number of donors? At one extreme, 
consider a 3% solution (2x 10" 4 M) of IgG from a single donor. Suppose R = 
2xl0 7 , and m=*=10 5 . The number of different Ids will be (2xl0 7 )[l- 
exp(-u>005)]ssl0 5 and the concentration of each Id Will be (2x I0"" 4 M)/10 s = 
2xl0~ 9 M. Suppose K,=4xlO i6 M~ l . Them if both components of an Id-pair 
happen to be present, the extent of dimer formation for this pair can be calculated 
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from the quadratic equation = [dimer] / {[Id]-[dimer]}\ giving a value of 89.4%, 
However, the. probability that both components of a particular Id-pair will be 
present is only as 0.005, so the overall dimer content of the IgG will be 0.005 x 
89.4% = 0.45%. Now, consider a 3% solution of IgG prepared from a pool of 10 4 
donors. Again assuming R=2 x 10 7 , m=10 s , the number of different Ids will be 
(2 x 10 7 )[l-exp(~5G)]«2 x 10 7 and the concentration of each will be (2x10" 4 
M)/(2 x lO 7 ) = 10~" M. In this case, the extent of dimer formation for a particular 
Id-pair will be only 23.4% (again, assuming K a =-4 x 10 10 M" '), but the probability 
of both components of the Id-pair being included in the IgG preparation is 
essentially 1. Therefore, the overall dimer content in this case would be 23.4%. 

Fig. 1 illustrates ibis model graphically. In the example shown, R=2x 10 7 , 
m=lx 10 3 , PgG]=2xlO~ 4 M, and K a =4xl0 10 M~'. The broken line gives the 
fraction of Id-pairs present as a function of N, the number of donors. This curve 
was produced by a computer program that simulated the random selection of 
(N x in) clones from a repertoire of size R, then examined the selected clones for 
complementarity. When plotted in the semilogarithmic form as shown, the shape 




• of clones produced by 



Number of Donors 

Figure 1. A mathematical model of dimerization in IgG. The dotted line depic 
of dimer formation that would occur in an Id-pair interaction having an 
constant of 4x lQ m M~\ when each component of the Id -pair has a total c< 
given by PgG]/{R[l-exp(-Nm/R)]}, where [IgG'j=2x IQ- 4 M i 
diversity of the species repertoire) =2 x i0 7 : m (the 

individual) = 10 3 ; and N (the. number of donors) is as indicated on the abscissa. Hie bn 
line represents the fraction of id-pairs expected to occur, by chance, in a random selec 
of N x m clones from R possible idiotypieaMy distinct clones, where N, m and R ai 
defined above. The solid line is the product of the broken and dotted lines, and repres 
the fraction of dimer, as a function of N, that would he predicted by this model, 
measured dimer content in IgG samples (at 30 mg/ml) prepared from pools derived 1 
N donors is shown by circles. 
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of this curve is the same for any values of m or R chosen. Varying these parameters 
simply alters its position along the x-axis, shifting the curve to the right as the 
ratio R/rn becomes larger. The dotted line is the fraction of each Id-pair that 
would dimerize, calculated from the concentration of each component of the Id- 
pair and the value for K*, again as a function of N. The product, of these two curves, 
shown as the solid line, thus represents the overall Id-dimer content as a function 
of N. For comparison, the points (circles) give the experimentally determined dimer 
content in preparations of TgG (at 3% concentration) made from pools with a known 
number of plasma donors (Tankersley et at. 1988). It is of interest to examine how- 
varying the assumed values for m, R and K a affects the relationship between the 
number of donors and dimer content predicted by this model (i.e., the solid line in 
Fig. 1). First of all, K a really affects only the "steepness", or slope, of this curve and 
the plateau value for dimer content at large N. Secondly, as suggested above, alter- 
ing the ratio R/m produces a shift in the apparent "intercept" of this curve, or its 
position along the x-axis. The curve shown in Fig. 1 , constructed with the ratio R/ 
m=200, might be considered a reasonable approximation to the experimentally 
determined relationship between dimer content and number of donors, shown as 
circles. Since R/m is, essentially, the ratio of the size of the species repertoire as 
compared to that of an individual, this model suggests that this ratio is about 200 
for the human species. 

One other aspect of this mode! deserves comment. Although the x-axis of Fig. 
1 is expressed as the number of donors, in terms of the model, each donor is 
simply providing a "package" of 10 5 IgG clones. As each individual "package" 
becomes larger (i.e., more clones), fewer donors are needed to achieve the same 
end. Therefore, if the species repertoire is similar in size for different species, the 
extent of IgG dimerization for a given number of donors might be greater in 
large animals (oxen), and less in small animals (mice) than is observed in humans, 
because the size of the individual repertoire should be a function of the number 
of mature B cells in an individual, and this number would be related to body 
mass. With the very limited data available (mice, humans, oxen), this seems to 
be true. It would be interesting to extend this relationship to include very large 
mammals such as elephants or whales.The model just presented makes no assump- 
tions regarding either stimulation or suppression of Id by an anti-Id; the simul- 
taneous occurrence of Id-pairs in an individual is considered to be entirely random 
and the frequent o ci oc rret es is d ermine by the reia e magni 
of R and m. The model is also applicable, however, to the supposition that an 
anti-Id might suppress the expansion and maturation of B cells expressing Id. 
The only difference, in this case, would be that the frequency of Id-pairs (and 
hence the amount of dimer) in IgG from a single donor would be zero. Obviously, 
the production of a particular anti-Id by one individual can have no effect upon 
the production of Id by another individual, so that the occurrence of Id-pairs in 
a pool of IgG from multiple donors would again be determined strictly by chance. 
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There are two important implications that derive from this model. First, Id- 
pairs (broken curve, Fig. I) predominate in IgG prepared from large pools with 
many donors. The observation that dimer content is limited to 25% or so (at a 
total IgG concentration of 3%) is a result of the very low concentration (i.e., 
< 1/K,) of individual Id-pairs. Second, the model is compatible with the suppo- 
sition that the human species immune repertoire is about 200 times larger than 
the immune repertoire of an individual. Thus, in IgG prepared from thousands 
of donors, there is a high probability for the occurrence of any given Id (or anti- 
Id). The ramifications of these implications will be explored in the following 
section. 

MECHANISMS FOR EFFICACY OF Igi.v. IN AUTOIMMUNE DISEASES 
Given the present state of knowledge, it is not clear whether a single mechanism 
might account for the efficacy of Igi.v. in all autoimmune diseases or even in a 
particular disease. Indeed, in many cases there may be little evidence for efficacy 
at all! Be that as it may, in general several distinct mechanisms have been 
proposed. Of these, I will discuss only two; namely, blockade of Fey receptors, 
and anti-idiotypic suppression of autoantibodies. 

Fey receptor blockade 

Perhaps the strongest evidence that Fey receptor blockade is responsible for the 
efficacy of Igi.v. in autoimmune diseases comes from studies on the treatment of 
patients with acute and chronic ITP (reviewed by Bussel & Pham 1987). In this 
disorder, platelets become sensitized with autoantibodies and are destroyed by 
the reticuloendothelial system. Treatment with Igi.v. at dosages of 1 to 2 g/kg 
body mass often produces a significant increase in platelet count, beginning 2-5 
days after Igi.v. infusion and lasting for several weeks, or in some cases even 
longer. At the dosages given, the IgG concentration in the plasma of patients is 
substantially increased, often to levels two or three times the pretreatment values,, 
It is thought that this increased level of IgG saturates Fey receptors present on 
cells of the reticuloendothelial system and thereby prevents the destruction of 
antibody-coated platelets. Two lines of evidence provide support this mechanism.. 
First, low doses of Rh 0 (D) immune globulin can produce a therapeutically signifi- 
cant increase in platelets when given to Rh-positivfe ITP patients, but not to Rh- 
negative patients (Salama et al. 1986, Bussel et al 1991). It is assumed that this 
effect is produced by Fey receptor blockade brought about by erythrocytes coated 
with anti-D. Second, it has been shown recently that infusion of purified Fey 
fragments, at a dosage equivalent (on a molar basis) to those employed with 
Igi.v., produces an increase in platelets in children with ITP that is comparable 
to that seen with Igi.v. therapy (Debre et al 1993). Thus, it seems clear that Fey 
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receptor blockade is a mechanism for the activity of IgLv. in the treatment of 
ITP; however, it may not be the only mechanism that is operative. The role of 
Fey blockade in the therapy with Igi.v. of other autoimmune diseases, such as 
myasthenia gravis (Gajdos et al 1984), chronic inflammatory polyneuropathy 
(Vermeulen et. al. 1984, Lundkvist et al 1989) or acquired autoantibodies to 
antihemophilic factor (Sultan et al 1984, 1987, Rossi et al 1989) is much less clear. 

Suppression of autoantibodies by antiidiotypes in Igi.v. 

The model for IgG dimerization presented earlier suggests that Igi.v. from large 
plasma pools has a diversity approaching that of the species repertoire, and that 
many (perhaps most) of these antibodies are one component of an Id-pair. There 
is, however, one class of antibodies that is absent, or very nearly so. Normally, 
the immune system does not produce antibodies recognizing endogenous antigens, 
or self. Exactly how this natural immunological tolerance is brought about during 
ontogeny is unclear at the present time. Nor is it known why, under certain 
circumstances, tolerance to a self-antigen can be broken, with the formation of 
autoantibodies that may result in autoimmune disease. Because Igi.v. is prepared 
from the plasma of normal, healthy blood donors, the presence of autoantibodies 
should be rare. However, there is no reason to suppose that anti-Ids reco 
such autoantibodies would be underrepresentec. In fact, because one complement- 
ary Id (the autoantibody) of a potential Id-pair may be absent, such anti-Ids 
would be less likely to be encumbered by dimerization. The presence in Igi.v. of 
anti-Ids to a variety of autoantibodies has been demonstrated (Rossi & Kazatchki- 
ne 1 989) and, at least, in some eases, the anti-Ids were capable of inhibiting the 
binding of the respective autoantibody to the self-antigen. Although it is conceiv- 
able that anti-Ids present, in Igi.v. might act by directly suppressing the binding 
of an autoantibody to the self-antigen (i.e., by dimerization with the autoantibody 
in vivo), the low concentrations of any particular anti-Id, and the limitations 
dictated by a finite equilibrium affinity constant for dimer formation, would seem 
to preclude this mechanism. It appears more reasonable that anti-Ids might 
!y synthesis by binding ro ->i c x , - uto 
reactive B cells and thereby downregulating their maturation, or by a direct or 
convict ,f oot on B cells and plasma cells secreting 

autoantibodies recognized by the anti-Id. Such a mechanism might not require a 
stoichiometric amount of anti-Id, as even a small amount of anti-Id specifically 
i % ndin ells be o d own-regulate maturation 

or trigger cytolysis, 

SUMMARY 

IgG dimers occurring in therapeutic Ig preparations have been characterized as 
id-anti-Id, in that the sites of interaction are localized to the distal tips of the 
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Fab arms. The observation that such dimers are prevalent in Ig or Igi.v. prepared 
from large plasma pools, but absent in preparations from a single individual, 
supports the notion that the individual immune repertoire is small with respec! 
to the species repertoire. A crude mathematical model that attempts to relate Id- 
dimer content to the number of donors is presented. This model suggests that 
Id-pairs may he much more prevalent in Ig than is reflected by the Id-dimer 
content, inasmuch as the concentrations of the individual Ids and anti-Ids may 
limit the equilibrium level of dimer. The model further suggests that the antibody 
diversity in Ig derived from thousands of donors may be representative of the 
species repertoire; hence, virtually all specificities, including anti-Id specificities, 
will be included. Because Ig is derived from normal healthy donors, it should be 
relatively free of pathogenic autoantibodies. However, there is no reason to 
suspect that anti-Ids to such autoantibodies would not occur, and indeed the 
presence of such anti-Ids has been demonstrated. Several mechanisms have been 
proposed by which such anti-Ids might ameliorate autoimmune disease. They 
may directly inhibit the binding of autoantibody to its target antigen, or they 
may target for destruction those cells expressing or secreting autoantibody. 

It may well be that anti-Ids play no role in the mechanism of action of Igi.v. 
in autoimmune disease. Such appears to have been demonstrated, for example, 
in the treatment of ITP, There is an obvious need for additional studies in order 
to elucidate the mechanism of action of Igi.v. in various autoimmune' diseases. 
Experimental animal models of autoimmune disease, such as the mouse model 
for systemic lupus erythematosus (Mozes et al 1993), might be very useful in 
this regard. 

Finally, it needs to be emphasized that the usefulness of high doses of Igi.v. in 
many autoimmune diseases remains to be established by controlled clinical trials. 
Because Igi.v. is a limited resource, and one which cannot be produced through 
biotechnologica! advances (at least in the foreseeable future), its widespread use 
should be restricted to the treatment of diseases for which efficacy has been 
demonstrated. To do otherwise might deprive appropriate patients of a valuable 
therapy. 
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Composition and properties of IVIg 
preparations that affect tolerability 
and therapeutic efficacy 

Georg Lemm, MD, PhD 



Article abstract — The use of intravenous immune globulin (IVIg) has increased significantly in the past decade, benefit- 
ing a wide variety of immune diseases. Seven different formulations of IVIg are now licensed in the United States. 
Although all contain pooled IgG, there are differences in their production and composition that affect their efficacy, 
tolerability, and side-effect profile. Important variables include concentration, volume, osmolality, sodium, and sugar 
content. This article reviews what is known about the composition and properties of the various IVIg formulations that 
might affect the therapeutic outcome. 
NEUROLOGY 2002;59<Suppl 6):S28-S32 



Intravenous (human) immunoglobulin (IVIg), which 
was introduced in the 1950s as replacement for pa- 
tients with congenital antibody deficiencies, has 
since established its place in the treatment of a wide 
variety of immune diseases. 1 The Igs are precipitated 
from human plasma using fractionation methods de- 
veloped more than five decades ago by Cohn-Oncley 
or Kistler-Nitschmann. Because they were adminis- 
tered intramuscularly, usually at doses ranging from 
25 to 100 mg/kg of body weight, the injections were 
not only painful but also were limited by the amount 
of Ig that could be given comfortably and safely. Nev- 
ertheless, even at these doses, replacement therapy 
was considered lifesaving, extending the lives of pa- 
tients with primary antibody deficiency. 2 Of particu- 
lar relevance to the evolution of our current 
thinking, these doses both reduced the number of 
infections that patients developed and appeared to 
modify the course of associated conditions such as 
immune cytopenias, skin rashes, and alopecia totalis. 3 
Perhaps these were the first indications that Ig re- 
placement also had immunomodulatory properties. 

The early preparations could not be given intrave- 
nously because they contained aggregates and other 
impurities capable of activating complement and 
causing severe reactions, including anaphylaxis. 4 To 
reduce these reactions, a series of additional process- 
ing modifications were introduced, with the goal of 
stabilizing and purifying IgG and preventing aggre- 
gate formation. 5 The initial attempts at processing 
primarily used chemical modifications or proteolytic 
digestion, which reduced the incidence of untoward 
reactions but compromised the biological activity and 
serum half-lives. 5 

Later improvements in processing resulted in 
preparations with high levels of intact IgG, normal 



distribution of IgG subclasses, and small concentra- 
tions of dimers. In the early 1980s, these new prod- 
ucts, suitable for intravenous administration, 
became commercially available. Intravenous admin- 
istration of Igs allowed the use of larger doses with- 
out the pain associated with intramuscular 
injections. Administration of larger doses proved 
even more effective in preventing infection and 
maintaining lung function in patients with primary 
antibody deficiency diseases. 6 Over the past decade, 
a number of intravenous preparations have been fur- 
ther modified by specific virus inactivation or re- 
moval steps that made them safer. Seven polyclonal 
IVIg are now approved for use and marketed in the 
United States, along with four additional hyperim- 
mune products suitable for intravenous use for specific 
indications such as infection by cytomegalovirus, hepa- 
titis B, respiratory syncytial virus, and Eh prophylaxis. 

The differences in basic fractionation methods and 
the addition of various modifications for purification, 
stabilization, and virus inactivation and removal re- 
sulted in products that were significantly different 
from each other with respect to chemical structure, 
antibody content, subclass distribution, and electro- 
phoretic profile (table). Some attempts at standard- 
ization, e.g., by a WHO Expert Committee on 
Biologic Standardization, 2 have mandated that Ig 
must be as unmodified as possible, must maintain its 
biological function (opsonic activity, complement fix- 
ation, Fc receptor binding), must contain certain lev- 
els of specific antibody, and must meet accepted 
safety standards. However, IVIg preparations are 
not routinely tested for antibody titer, affinity, or 
function, such as opsonization, 7 - 8 which might be af- 
fected by the method of purification and might vary 
among preparations. For example, when commercial 
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Table Comparison of different IVIg 



Alplin Tlioinpoul ic Cut p 



Gammagard S/D Iveegam EN Polygam S/D 



Baxter Corp./ 
Hyland 



Mel hod of Cold nlcoliol/li ncl ion 

piopnrol ion PEG/bentonite 
(including viral 



cliroinalogTnpliY. solve 
dol 01 gout treatment 



chromatography, trypsin 



Cohn-Oneley. 
pH 4.25, 
solvonl 



Colin-Onclov 
pasteiuizat ioi 
nil infill ial ion 



loophili/.od 
27 months 



l.vophili/od 
2 I inonl lis 



Lyophilizod 
21 months 
Several in i mi 



Rocommendod 



liocoiiimonded 3 mL/kg/hr 3 mL/kg/hr 

infusion rate 

Time to infuse 7 hr 3.5 hr 

70g(lg/kg) 

position 

Sugar content S^c n Sorbitol 

Sodium content 1.3 mEq/L <1 mEq/L 

Osmolality 300 mOsm/L 



4 mL/kg/hr 
5.3 hr 



4.8 mL/kg/hr 
2.3 hr 



Sugar-free Wk su 

Trace 0.5% 



r/r «:)« mOsm/L. 274 mOsm/L 5% 309 mOsi 

10% 1,250 L, 10% 600 

mOsm/L mOsm/L 



Up to 0.9%, 
depending or 
diluent 



Ig products were compared for antibody activity to 
Staphylococcus aureus, Pseudomonas aeruginosa, 
Escherichia coli, and group B Streptococcus, they 
were found to have differences and inconsistencies 
among batches and formulations, with some of the 
products showing reduced opsonization activity. 911 
Different procedures have also been shown to af- 
fect Fc receptor activity 12 or complement fixation, 13 
which can influence the protective effects of IVIg 
in patients with antibody deficiency. 14 These fac- 
tors may significantly affect clinical outcome in 
treated patients. 
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Production of IVIg. IgG was first isolated from 
human plasma by the Cohn-Oncley process (cold eth- 
anol fractionation) in the early 1940s. 15 IVIg are pre- 
pared from plasma pooled from hundreds to 
thousands of donors. Most production processes be- 
gin with sequential precipitation and fractionation to 
isolate IgG from other plasma proteins. The material 
is subjected to freeze-drying to remove the ethanol 
and produce stable intermediates. Freeze-drying in 
the presence of ethanol promotes formation of insol- 
uble IgG aggregates. The IgG concentrates from ini- 
tial fractionation are then subjected to additional 

December 2002 NEUROLOGY 59(Suppl 6) S29 

arlzed reproduction of ih?s article :s prohfered. 



processing to produce material suitable for intrave- 
nous administration. Earlier methods that involved 
treatment with proteolytic enzymes gave way to 
chemical modification in an attempt to preserve the 
integrity of the IgG molecule, reduce aggregate for- 
mation, and eliminate anticomplement activity. Fur- 
ther modifications led to improved products, higher 
purity, improved stability, and a normal distribution 
of IgG subclasses. 

The different processing methods yield products 
that differ in their content of IgG monomers, dimers, 
and polymers, and that include different amounts of 
contaminants such as albumin. The various process- 
ing steps and harshness of treatment also contribute 
to reduced integrity of the IgG molecule and loss of 
biological function. These differences can affect a 
product's efficacy as well as the incidence of adverse 
events. 

Properties of IVIg preparations. Liquid vs. ly- 
ophilized IVIg preparations. The manufacturing 
process determines whether the final product is in 
liquid or lyophilized form. Liquid preparations are 
more convenient, easier to use, and associated with 
fewer adverse events. In ready-to-use form, liquid 
preparations avoid preparation time and delays for 
patients. They also avoid wastage if a patient does 
not show up for treatment, because lyophilized prep- 
arations usually need to be prepared before the pa- 
tient arrives. 

IVIg concentration. Products that are given at 
higher concentrations reduce the volume load of 
treatment, an important consideration for certain 
patient populations. For example, a 70-kg adult re- 
ceiving 2 g/kg body weight would receive 1,400 mL of 
a 10% solution compared with 2,800 mL of a 5% solu- 
tion. Simply concentrating certain products by recon- 
stituting them in a smaller volume of fluid can be risky 
because the osmolality of the solution increases and 
may trigger significant adverse events, such as renal 
complications or thromboembolic episodes. 

Viral inactivation and pathogen safety. The man- 
ufacturing process for IVIg minimizes the risk that 
the product can transmit an infectious disease. Man- 
ufacturers have imposed safety standards for viral 
pathogens that document the capacity of the manu- 
facturing process to remove or inactivate viruses. 
Plasma testing, of both individual donations and 
manufacturing pools, is the initial step in ensuring 
that source material is free of high levels of clinically 
significant viruses. Accepted viral inactivation steps 
include treatment with a solvent detergent, polyeth- 
ylene glycol, trypsin, pasteurization, nano-filtration, 
low pH, and depth filtration. The traditional calcula- 
tion of overall reduction in clinically significant vi- 
ruses is based on the sum of reductions achieved by 
each of the production steps. 16 Steps that act through 
independent mechanisms to inactivate or remove vi- 
ruses are considered complementary and increase 
overall safety by providing the widest possible safety 
margin against known and unknown viruses. Treat- 
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ment with Caprylate (caprylic acid) in particular, a 
naturally occurring octanoic fatty acid, is effective at 
inactivating viruses under varied conditions of pH, 
temperature, and protein levels. 1718 It is less harsh 
and more rapidly acting than solvent detergent, re- 
sulting in improved viability. 

Storage and stability. IVIg preparations also 
vary in their stability and their ability to be stored at 
room temperature. The shelf-life for currently li- 
censed IVIg formulations ranges from 24 to 36 
months. Expired preparations should not be used to 
treat patients. 

Composition of IVIg preparations. IVIg prepa- 
rations vary in their composition, depending on the 
starting materials and manufacturing process, modi- 
fications, and stabilizers. 19 The following sections 
discuss the major and minor components or determi- 
nants of the various IVIg preparations that might 
affect their properties. 

Major components or determinants. Sugar con- 
tent. Various sugars such as sorbitol, glucose, and 
sucrose are added to some preparations as a stabi- 
lizer, preventing aggregate formation. The major 
problem associated with sugar content is the inci- 
dence of significant adverse events, particularly 
acute renal failure or insufficiency. Although these 
complications are rare, the CDC reported that 90% of 
the IVIg-associated adverse renal events in the 
United States occurred with sucrose-containing IVIg 
preparations. 20 

Sodium content. Sodium content varies widely in 
the different IVIg preparations, ranging from trace 
amounts to 0.9% concentrations. The sodium content 
determines the osmolality of the infused solution, 
which can affect tolerability and occurrence of ad- 
verse events. A high sodium content is particularly 
problematic in patients with hypertension, renal im- 
pairment, or those on a low-salt diet. Caution should 
be exercised when lyophilized preparations are re- 
constituted to higher concentrations in an attempt to 
reduce volume load, because that may increase the 
salt concentration and osmolality to unacceptable 
levels. 

Osmolality. Osmolality is the count of the total 
number of osmotically active particles in a solution 
and is equal to the sum of the molalities of all the 
solutes present in a solution. In IVIg solutions, the 
major contributors to osmolality include sodium, sug- 
ars, and other solutes or amino acids that may be 
present. Physiologic osmolality is 280-296 mOsm/kg 
of water, but IVIg solutions may range in osmolality 
from physiologic values to greater than 1,000 mOsm. 
Sugar-stabilized products tend to have a higher os- 
molality than sugar-free (glycine) preparations. Hy- 
perosmolar solutions may cause fluid shifts when 
infused intravenously, thus contributing to hemody- 
namic changes and the occurrence of infusion-related 
adverse events. In reconstituting lyophilized prepa- 
rations, attention should be paid to the final osmola- 
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lity of the reconstituted product so as to minimize 
such side effects. 



Minor components or determinants. pH. Many 
IVIg products have a final pH that is close to neutral 
(a pH of 7.0-7.5) or in the range of 6 to 7. However, 
the optimal pH to prevent aggregation is 4.0 to 4.5. 
As a consequence, when an IVIg preparation has a 
pH greater than 4.5, agents must be added to main- 
tain stability and prevent aggregation. Low-pH prep- 
arations are instantaneously neutralized by the 
buffering capacity of blood on infusion. 

IgA content. Patients with selective IgA defi- 
ciency and IgG or IgE anti-IgA antibodies are at risk 
for developing a reaction, rarely anaphylactic, after 
receiving IVIg. The NIH consensus conference on 
IVIg did not recommend screening patients who re- 
ceive IVIg for anti-IgA antibodies, 19 but screening is 
often done nevertheless. Different IVIg preparations 
vary in their content of IgA, although using a prepa- 
ration that is low in IgA may not prevent a reaction. 

Isohemagglutinin antibodies. Preparations of 
IVIg contain low titers of anti-A, anti-B, anti-C, and 
anti-E blood group antibodies. Passively acquired, 
these antibodies may be detectable, transiently, in 
post-treatment direct and indirect antiglobulin tests.' 21 
To date, there are no known reports that these antibod- 
ies in (nonhyperimmune) rVIg preparations were asso- 
ciated with hemolysis. The European Union 
Pharmacopeia mandates that anti-A and anti-B titers 
should be less than 1:64 in Wig preparations. 

Other antibodies. IVIg preparations may differ 
in antibody titers to organisms, such as echovirus 22 
or Staphylococcus epidermidis, 23 that may affect the 
outcome in immune-deficient patients. Specific anti- 
body levels may also affect the efficacy of IVIg prep- 
arations in autoimmune or allergic diseases, through 
anti-idiotypic interactions, or through their binding 
to endotoxin, superantigen, or cytokines in the af- 
fected patients. 



Tolerability of IVIg preparations. Tolerability 
is a measure of the ability of a patient to receive a 
formulation of IVIg without infusion-related adverse 
events. Tolerability varies markedly among IVIg 
preparations and patient populations. Older pa- 
tients, for example, or those with cardiovascular dis- 
ease, may be less tolerant of preparations that have 
high osmolality or require larger volumes. 

The rate of infusion is an important variable that 
could influence the occurrence of adverse effects, in- 
cluding thromboembolism. 24 - 25 Current recommended 
infusion rates fall within the range of 0.03 to 0.13 
mL/kg/min, depending on the preparation. As a rule, 
preparations that are high in osmolality or sugar 
content have slower recommended infusion rates. 
The more rapid the infusion rate and the higher the 
concentration, the shorter the length of time it would 
take to infuse a particular dose of IVIg. 
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Summary. IVIg differ in their content, production, 
composition, and properties. These differences can 
influence the tolerability, rate of infusion, stability, 
associated adverse effects, and efficacy of the various 
IVIg preparations. These factors must be considered 
when treatment is ordered for patients who require 
IVIg therapy. 
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Stability over 36 months of a new liquid 10% polyclonal 
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Background and Objectives IgPro 10 (Privigen©) is a new liquid intravenous 
immunoglobulin (IVIG) product that is formulated with 250 mM L-proline at pH 4-8. 
A 3 -year study was performed to assess its stability. 

Materials and Methods Physicochemical, biological and immunological parameters 
of Privigen were assessed during storage under controlled conditions over up to 
36 months at 25°C. 

Results Privigen was shown to be stable after storage for 3 years at room temperature 
(25°C). Of all parameters tested, only a few showed changes during storage. The 
appearance of the solution complied with the specifications given by the European 
Pharmacopeia over the full study period, with a single exception. The IgG fraction 
in Privigen displayed high purity (> 98%), which did not change during storage over 
36 months. No relevant amounts of aggregated IgG molecules were formed in 
Privigen samples and the ratio between monomers and dimers shifted slightly 
towards the equilibrium overtime. Testing of reference antibody contents and the Fc 
function demonstrated that the biological activity and effector functions of Privigen 
were preserved over the full study period of 36 months. 

Conclusion Thirty-six months room temperature stability of Privigen was achieved 

, , at pH 4-8 with an innovative formulation containing the physiological stabilizer 
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Introduction 

Immunoglobulins for intravenous administration (IVIG) ;i re- 
used for the treatment of primary and secondary immuno- 
deficiencies and autoimmune diseases [1-4]. IVIGs are available 
in two formulations, liquid and lyophilized. Liquid IVIG 
formulations have several advantages over lyophilized ones. 
They are easier to use and avoid preparation time delays and 
wastage of material. However, liquid IVIG formulations have 
limited shelf-lives [5,6]. Long-term storage of liquid IVIG 
formulations has therefore required the use of refrigerated 
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conditions until now. Storage of liquid IVIGs at room 
temperature is beneficial in terms of ease and cost of storage 
and because lire IVIGs would be ready to use without the 
need for temperature adjustment before infusion. Here, we 
describe the results of a 3 -year study showing the stability 
and activity of a new liquid IVIG IgPro 10 (Privigen 6 ) upon 
extended storage at 25°C. 

One of the most challenging tasks when developing a new 
formulation of liquid IVIG is addressing the physical and 
chemical instabilities of IgG, such as aggregation, fragmenta- 
tion and oxidation [7-9]. Aggregation occurs when proteins 
bind to each other in order to minimize thermodynamically 
unfavorable interactions between solvent and exposed 
hydrophobic residues of proteins [7]. Various factors, such as 
IgG concentration, pH of the solution, temperature and 
agitation, might induce aggregation [9]. Fragmentation often 
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occurs as a result of deamidation, oxidation or hydrolysis. 
These processes are affected by the pH of the solution, 
temperature and exposure to light. Oxidation may also be 
responsible for the yellow discoloration of IVIG solutions 
and is therefore important in IVIG formulation development. 
Even minor alterations in the structure of IgG may result in 
changes in antigen-binding specificity or in the functional 
aspects of an antibody, resulting in reduced activity, reduced 
solubility and altered immunogenicity [7,10]. Therefore, 
maintaining stability of Igli is crucial for preservation of 
functionality, efficacy and tolerability of IVIGs. 

Another consideration in IVIG formulation development is 
idiotype-anti-idiotype dimers, which form when IgG 
molecules have variable sites that recognize each other. The 
binding occurs through electrostatic and/or hydrophobic 
interactions and is reversible. Thus, an equilibrium between 
dimers and monomers exists. Formation of idiotype-anti- 
idiotype dimers is mainly dependent on die IgG concentration, 
the pH of the solution, the donor pool size, interaction time 
and the temperature [11]. Presence of high levels of IgG 
dimers has been associated with mild and transient adverse 
reactions including headache, fever and flushing [8]. Dimers 
have also been implicated in development of hypotension in 
a rat model [12,13]. 

Privigen is a new ready-to-use formulation of polyvalent 
human IgG for intravenous administration. The sterile 10% 
IgG solution is stabilized with 250 niM L-proline at pH 4-8, 
has a low sod in 1 1 i coin cut a i id < 1 oes not contain any preservatives. 
As an amphiphilic compound, L-proline was shown to 
provide idiotype-anti-idiotype dimer control [14], while 



maintaining superior stability of IgG at room temperature, 
allowing long-term storage. Furthermore, L-proline was 
shown to have no neurological effects in rats, even at doses 
much higher than those administered with IVIGs [14]. Here 
we show that after 3 years of storage at room temperature, 
aggregation, dimerization and degradation of IgG in Privigen 
are minimal and the activity of specific antibodies is preserved. 

Methods 

Manufacturing process 

Privigen is prepared from large donor pools and represents 
the antibody spectrum present in the donor population. The 
IgG fraction from plasma is purified by a combination of cold 
ethanol fractionation, octanoic acid precipitation and anion 
exchange chromatography (see Fig. 1). Fractionation and 
precipitation for the Privigen lots of the present studies were 
performed by the method according to Kistler and Nitschmann 
Alternatively, the plasma for Privigen may also be 
fractionated by the method according to Cohn [16]. 

The manufacturing process employs methods with three 
different mechanisms of viral clearance: virus inactivation 
by incubation at pH 4, virus removal via size exclusion 
filtration and partitioning. 

Packaging and storage 

Privigen was filled into 50 ml and 100 ml infusion bottles of 
glass Type I and sealed with chlorobutyl rubber stoppers 




1 Represents antibody spectrum 
representative of the donor < 1 5% 
population 



immunoglobulin fraction 



Anion Exchange- 



• Polishing of the IgG fraction; 
removal of non-IgG 
immunoglobulins 



'Proteolytic activity in ncat/g IgG 



Fi(|. 1 Manufacturing process How charl. 
Purpose of process step and its contribution to 
imimiiii .globulin ! i (If]! i] purification and removal 
of proteolytic activity. The IgG fraction from 
plasma is purified by a combination of cold 
rlhanol fracf lonation, octanoic acid precipitation 
and anion exchange chromatography. 
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Table! Testinqsclu il I I In studies with Privigen 



Storage 


Test time-point (months) 


condition Schedule 0 


1 6 9 12 18 24 30 36 


25°C A X 




B x ; 


< X X X X X X X 



coated with Teflon® (FluroTec®, West Pharmaceutical 
Services, Eschweiler, Germany). The Privigen bottles used in 
the stability studies were stored in the dark to simulate 
secondary packaging. 

Stability studies with five process validation lots and two 
scale-up lots of Privigen were performed under long-term 
storage conditions. Four lots in the 50 ml fill size and three 
lots in the 100 ml fill size were stored at 25 + 2°C. 

Bottles in all studies were stored in the horizontal position 
in order to maintain product contact with the rubber stopper. 
The stoppers complied with the European Pharmacopoeia 
requirements for Type I rubber closures for containers for 
aqueous preparations for parenteral use. 

Stability assessment 

Stability studies were performed in accordance with current 
guidelines of the International Conference on Harmonization 
of Technical Requirements for Registration of Pharmaceuticals 
for Human Use (ICH) [17,18]. The requirements for a polyclonal 
immunoglobulin (IVIG) product are defined in monographs 
such as European Pharmacopoeia (01/2008:0918) and in US 
21 Code of Federal Regulations 640-104. According to these 
monographs, immunoglobulin products need to fulfil 
compendial or Code of Federal Regulations requirements at 
the end of their shelf-life at a defined storage temperature. 
In the current publication, 'stable' indicates a product in 
compliance with these rules. 

Testing schedules for stability studies are shown in Table 1. 
Purity at 25°C was measured according to schedule A. All 
other parameters tested were measured according to schedule 
B. Test time-points were selected based on requirements in 
the ICH guideline Q1A(R2) [18]. 

Acetate electrophoresis 

The purity of the Ig fraction was measured by acetate 
electrophoresis. Proteins were separated according to their 
electrophoretic mobility on a cellulose acetate membrane. 
After staining with Ponceau Red S, the relative amount of 
each fraction was calculated by densitometric evaluation of 
the area under the curve. The method allows the determina- 
tion of the five major classes of proteins in human plasma or 
serum (albumin, al-, a2-, [}- and y-globulins). 



Functionality (Fc function) 

Human red blood cells of the blood group 0 were coated with 
rubella antigen. The immunoglobulin sample (antibodies) to 
be tested was added and the mixture was incubated. After 
addition of guinea pig complement, the lysis of the red blood 
cells was induced through complement activation by 
antigen-antibody complexes on the cell surface. The kinetic 
of haemolysis was measured photometrically at 541 nm and 
compared to a reference preparation. 

High-performance liquid chromatography 

Levels of IgG monomers and dimers, aggregates and 
fragments were determined by size-exclusion high-performance 
liquid chromatography (SE-HPLC) on a size-exclusion 
chromatography column. Aggregates, dimers, monomers 
and fragments were separated on a liydropliilic silica size- 
exclusion resin using a phosphate buffer as mobile phase. 
Ultraviolet detection was done at 280 nm. The relative 
amount of each fraction was calculated from the peak areas 
under the curve. 

Enzyme immunoassay 

The titers of specific antibodies against hepatitis B surface 
antigen (anti-HBs) were determined by enzyme immunoassay. 
DADE Behring Enzygnost test, a one-step, solid-phase 
enzyme immunoassay for the quantitative verification of 
anti-HBs based on the sandwich principle was used. Micro- 
well plates were coated with hepatitis B and incubated with 
sera. Peroxidase-marked hepatitis B was added. Following 
removal of the unbound reactant, the bound enzyme activity 
of the conjugate was determined by the color reaction 
caused by the substrate (tetramethyl benzidine). Anti-HBs 
concentrations were determined by comparing the absorption 
values with controls calibrated against a World Health 
Organization standard. 

Nephelometric assay 

Polystyrene particles coated with streptolysin 0 were 
mixed with samples containing streptolysin 0 antibodies. 
Agglutination was measured by a photo detector. The 
assessment was based on a standard curve prepared with a 
commercial standard. 

Visual aspect 

The appearance of the solution (clarity, discoloration, 
opalescence, particulate matter and flake formation) was 
assessed qualitatively by comparison of the product using 
reference backgrounds. 
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Fig. 4 Change in dimer levels over time upon storape lor hit months at 2.VY. 
Samples were taken at unhealed times lor analysis ol dimer levels by 
high-performance liquid chromatography ill I'l C). Results for individual lots 
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Med hods, and sipn i Ilea nt linear trends (/' O'OM were lound tor h ol / lots, 
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Fig. 3 Change in fragment levels overtime upon storage for 36 months at 
25°C. Samples were taken at indicated times for analysis of fragment levels 
by hiuh-pcrlormuncc liquid chromatography II 111 01. I rag incut levels in 
samples taken al 0, '!, t\ 11 and 1 ; months were below the detection limit 
of 1-9% (dashed line). Results lor individual kits are shown. Black symbols 
represent 50 ml lots and white symbols represent 100 ml lots. Statistical 
I rend analysis was perlormed as described in Methods, and significant linear 
trends [P <0'05) were found for 4 of 7 lots. I he thick solid line represents 
I lie spool hca I ion limit ol I rag men I levels and I he dashed line represents 
the cleleelion limit ol Hie assay. 

Sp ectrophotometry 

In addition to the above named qualitative method, the 
discoloration of the sample was specifically determined by 
measuring its optical density at 350 nm. The optical density 
at a second wavelength (500 nm) was subtracted in order to 
correct for turbidity [19]. The resulting number is a measure 
for the intensity of the yellow-brownish coloration of the 
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Fig. 5 Change in optica density over time upon storage for 3(i months al 
/"•'«'. Samples were taken at indicated limes lor analysis o optica density 
by spectrophotometry. Results for individual lots are shown. Black symbols 
represent 50 ml lots and white symbols represent 100 ml lots. Statistical 
trend analysis was performed as described in Methods, and significant linear 
trends (P<0 05) were found for 6 of 7 lots. The thick solid line represents the 
specification limit of optical density. ODU: optical density units. 



sample. Holmium oxide filters or holmium perchlorate 
solutions were used as reference materials. 

Depiction and analysis of results (see Figs 2-7) 

Data were statistically evaluated according to ICH Q1E [20]. 
Each single value was checked for compliance with the 
specified limit or range given as acceptance criteria. For the 
results of each quantitative parameter and lots with at least 
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Fig. 6 Change in anti-hepatitis IS surface antigen (anti-HBs) (a) and 
anti-streptolysin 0 (b) levels over time upon storage for 36 months at 25°C. 
Samples were taken at indicated times for analysis. Results for individual lots 
are shown. Black symbols represent 50 ml lots and white symbols represent 
100 ml lots. Statistical trend analysis was performed as described in 
Methods, and significant linear trends (/' <n Ob) were I omul lor 6 of 7 lots 
for anti-HBs antibodies and b ol / lots lor streptolysin 0 antibodies. I he thick 

solid lines represent Ihespeciticalion limits or I lie si ivpb lysii 1 1 (' |l l/ml) 

and anti-HBs {0-2 lU/ml) antibody levels, respectively. Similar results were 
seen when other specific antibodies were assessed (data not shown). 



lour consecutive values, a statistical trend analysis was 
performed by determining the P- value of the slope (x-variable: 
'time') based on the 95% confidence interval. A P-value 
lower than 0-05 (probability of error) indicated a statistically 
significant trend. Non-linear datasels were mathematically 
transformed to be able to calculate the P-value. In Figs 2 7, 
data of individual lots and filling sizes are depicted together 
with their respective regression line. Data below detection 
limits of the respective method were excluded from any 
calculation. Specifications and detection limits are given for 
each parameter. 

Results 

Privigen exhibited good stability during storage at 25"C. The 
aggregate content was below the detection limit of 0-1% up 
to 9 months in five of seven lots. By 36 months, the levels 



increased to between O3 0 /o and O5 0 /o (Fig. 2), but remained 
well below the specified limit of 2-0%. Levels of fragments 
were below the detection limit (1-9%) up to 12 months in all 
seven lots and slightly increased at later time-points, up to 

3- 9% after 36 months of storage, remaining significantly 
below the specification limit of 6-0% (Fig. 3). The purity (IgG) 
and me monomer/dimer levels on'rivi gen stored up to 36 months 
at '/>>%'. remained high with 9fi% and 96%, respectively (data 
not shown). The equilibrium between monomers and dimers 
shifted slightly over the course of the study, most notably in 
the first 6 months, after which the levels remained relatively 
stable (Fig. 4). Initial dimer levels ranged between 3-8% and 

4- 8%. After 36 months of storage, dimer levels ranged from 
4-9% to 7-6%, which is below the specification threshold of 12%. 

The appearance of Privigen was a clear or slightly opalescent 
and colorless or pale yellow solution with an exception of a 
single 'fail' result in one lot after 36 months of storage. The 
'fail' was attributed to a yellow discoloration of the product, 
while clarity, opalescence, particulate matter and flake 
formation passed the test. I he quantitative measurement of 
the grade of discoloration by optical density resulted in 
values from 0-073 to 0-092 optical density units (0DU) at day 
0 to 0-178-0-205 ODU after 36 months of storage (Fig. 5), 
never exceeding the specification limit of 0-240 ODU. 

The levels of specific antibodies were measured in order to 
assess the effect of storage conditions on antibody titers. 
Antibodies against hepatitis B surface antigen and those 
against streptolysin 0 decreased over 36 months compared 
to day 0, remaining above the specified minimum limit of 
0-2 TU/ml and 500 IU/mL respectively (Fig. 6a,b). Similar results 
were obtained for other specific antibodies (data not shown). 

Function of the Fc antibody region was measured by the 
method specified in the European Pharmacopeia. All results 
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were above the limit of 60% during the course of the studies 
with a range of 73-107% at study start and 85-104% after 
36 months (Fig. 7). 

Discussion 

1 lie si ability of IVIG preparations depends on the purification 
process used, their formulation (liquid or lyophilized), 
storage temperature and conditions, and, for liquid formulations, 
the IgG concentration, pH and the excipients included in the 
solution [7]. Liquid preparations are more convenient to use 
than lyophilized ones as there is no need for reconstitution 
[5]. However, currently available commercial liquid IVIG 
preparations have limited shelf-lives at room temperature 
[5,21]. Here we show that Privigen, a new ready-to-use 10% 
liquid IVIG preparation formulated with 250 mM L-proline 
at pH 4-8, is stable for up to 36 months at room temperature. 

Deterioration in stability of IgG and/or a significant 
increase in IgG dimer content may result in decreased 
efficacy and tolerability of IVIG [8]. To improve the stability 
and to control the dimer content of IVIG solutions, an optimal 
combination ofpll adjustment and the addition of L-proline 
as a stabilizer were found. 

The purity of the protein is also a major determinant 
of stability of liquid protein pharmaceuticals, because 
the presence of even trace amounts of proteases or other 
contaminants can potentially affect protein stability [9]. The 
fractionation procedure for Privigen results in highly purified 
and intact IgG with a broad range of specific antibodies. 

Temperature is one of the most important factors affecting 
protein stability by causing heat denaturation as well as 
enhancing chemically induced denaturation, which may 
then result in degradation and aggregation of the protein [9]. 
Storage conditions of different products depend on the 
stability of the product, which must be in compliance with 
international guidelines [17,18]. Therefore, the stability of a 
product is indicated by its stated shelf-life. Highly concentrated 
liquid IVIG formulations are more prone to aggregation and 
are therefore less stable at room temperature than those with 
lower IgG concentrations [11]. LVLG formulations containing 
5% IgG may be stored at room temperature for a period of up 
to 1 year [22,23]. However, they require more storage space 
and the high infusion volume may become problematic, 
particularly in patients with concomitant diseases such as 
heart failure [21]. The optimal storage temperature for 
currently available 10% LVIG solutions is 5°C, for a maximal 
storage time of 36 months. These solutions are stable at room 
temperature for only a few months, making storage more 
cumbersome. Furthermore, although short-term exposure 
to room temperature is tolerated by most concentrated 
IVIG products, their overall shelf-lives are affected by the 
length and timing of the exposure to increased temperature 
[24-27]. 



Privigen showed excellent stability when stored at room 
temperature over 36 months: aggregate and fragment levels 
were detectable but well below the maximum specified levels 
of 6-0% for fragments and 2-0% for aggregates. The dis- 
coloration of Privigen measured by optical density 
complied with the specified limit up to 36 months storage. 
The qualitative test parameter 'appearance' (clarity, discoloration, 
opalescence, particulate matter and flake formation) met the 
acceptance criteria up to 36 months, with the exception of a 
single 'fail' result concerning discoloration after 36 months 
in one 100-ml lot, likely caused by oxidation of immu- 
noglobulins (CSL Behring AG, Bern, Switzerland). Since 
optical density, a complementary and quantitative parameter 
indicating the rate of discoloration, did not confirm this 
out-of-specification result, the 'fail' result of the appearance 
parameter was considered irrelevant for the long-term 
stability of Privigen at 25°C up to 36 months. Specific antibody 
titers remained several-fold higher than the specified limits 
and the effector function of IgG was preserved during storage 
of Privigen for 36 months at room temperature. 

Idiotype-anti-idiotype dimers bind to each other via 
antigen-binding regions, effectively recognizing each other 
as antigens. Because of the nature of their interactions, the 
relative levels of monomers and dimers equilibrate over a 
period of a few months and the levels remain largely constant 
thereafter [28]. Results from our study are in line with this 
finding: the equilibrium shifted mostly in the first 3- 
6 months and remained relatively constant for the remainder 
of the study duration. At room temperature, the dimer levels 
remained below 8-0% in all lots. 

In accordance with the current ICH guidelines on stability 
testing of new drug substances and products (Q1A(R2) [18] 
and Q1B [29]), studies at 37°C and at 5°C under light exposure 
were performed in order to accelerate the degradation of 
Privigen constituents. As expected, it was possible to exceed 
the stability threshold of the formulation under further increased 
physical stressors (data not shown), although product stability 
was maintained for 6 months at 37°C. This demonstrates the 
need to respect the storage and handling conditions as described 
in Methods: Stability assessment. Furthermore, long-term data 
at 5°C show that Privigen exhibits good stability and low 
dimer levels under refrigerated conditions (data not shown). 

The Privigen lots included in our stability studies were 
manufactured using the fractionation procedure according to 
Kistler and Nitschmann [15]. A comparable stability was 
demonstrated with lots manufactured by using the Cohn 
method for fractionation (data not shown) [16]. Furthermore, 
it was demonstrated that the different fill sizes (50 ml and 
100 ml) do not show differences in stability of Privigen. 

In summary, we show here that the unique formulation of 
Privigen with L-proline at pH 4-8 allows long-term stability 
and prevents dimer formation at room temperature. The 
optimized pH, use of L-proline as stabilizer and the high 
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purity of Privigen all contribute to its superior stability. 
Privigen is the first concentrated PVIG solution that can be 
stored for 36 months at room temperature, in contrast to 
other currently available PVIG products. This increases the 
ease of storage and reduces the preparation time for infusions, 
making Privigen a convenient IVIG for clinical use. 
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Description 

FIELD OF THE INVENTION! 

s [0001] The present invention relates to a process for purifying immunoglobulin 6 (igG) from a crude plasma protein 
fraction. The invention also relates to art immunoglobulin product and to the use of such an immunoglobulin product 
for medical purposes. 

BACKGROUND OF THE INVENTION 

10 

[0002] Human norma; Immunoglobulin (HNI) for use In the prevention and treatment of a number of infectious dis- 
eases was introduced in the late 1940's. HNI prepared by the cold ethanol fractionation method according to Cohn & 
Oncley (Cohn E,, et a!., (1946), j Am Chem Soc, 68, 459-475), (OncleyetaL (1949), J Am Chem Soc, 71, 541-550) 
and subsequently also by the modification made by Klstier and Nitschmann (Kistier P and Nltschmann HS, (1952), 
is Vox Sang, 7,41 4-424) proved to be both efficient and safe again:;! the transmission of virus infection when administered 
subcutaneously or intramuscularly. 

[0003] Congenital or acquired total or partial lack of immunoglobulin (primary and secondary immunodeficiency syn- 
drome, respectively) manifest f f i i )t eel especially of a bacterial n un 
The prevention of such infections was previously achieved by repeated intramuscular or subcutaneous injections of 
20 large amounts of HNI for up to several times a week as a life-lasting treatment, which is very painful when the medi- 
cament ss given intramuscularly. 

[0004] Id the t r I i r ' It I „ i .< i i ' [ a 1 <- -I ow t 

thai about 5% of healthy v > ers nd about 95% of patietits with an immunoglobulin deficiency developed immediate 
adverse effects varying from dyspnoea to circulatory shock and being of such serious nature that the intravenous 

25 administration of HNI had to be abandoned. 

[0005] The reason for the adverse effects mentioned above turned out to be aggregates of immunoglobulins which , 
among other effects, strongly activated the comp e ^ t m - <■ i - " ' i ► toeing n-nu 

rtoglobulins. Especially serious adverse effects of an anaphylactic nature could be seen in patients who developed 
it o k lg fjf I i j< i i i i t i a n K |fj(£ gates during 

30 the preparation process were developed, and some twenty years ago the first generation of an Immunoglobulin for 
intravenous administration (IVIG) was tested and found suitable. 

[0Q06] The original purpose of an IVIG was lo alleviate infectious episodes in patients with a congenital or acquired 
total or partial lack of immunoglobulins and to eliminate discomfort in connection with the administration of HNI. Another 
advantage of IVIG is that large doses of immunoglobulin can be given within a short time, and by this it is possible to 
ss cl a i 1 1 I t ilt St it hit 

Importance to eaid lai it !t n s ^uickly 

[0007] in recent years. IVIG has furthermore proved to be efficient in other serious diseases, the treatment of which 
can otherwise be difficult, e.g. haemorrhages caused by the disappearance of the blood platelets on an immunological 
basis, idiopathic thrombocytopenic purpura (ITP), in some rare diseases such as Kawasaki's syndrome and a number 

40 of autoimmune disease i s poly jiculitis (Guiiiain Barr e - Oi s J ' ie treatment of which 

has been difficult to the present day are currently being subjected to clinical trials with IVIG. The mechanism of action 
in these diseases has only partly Seen clarified The ertect Is supposed to de related to sc-calied Immunomodulating 
properties of igG, e.g a blockage of Fey -receptors on phagocytic: cells increased metabolism of IgG downregnlalion 
of the production of cytokines, and interference with a supposed network o f idiotyi s/a 5 - specially relevant 

45 for the neutralization of autoimmune reactivity. 

[0008] T 1 3 was f > ng material (Cohn fraction II), the 

purpose v cleavage being removal of in - .. r aggregates Mo column chromatography steps woes included 
in the process. The product had to be freeze-dried in order to remain stable for a reasonable period of time and was 
dissolved immediately prior to use, 

so [0009] The starting material for the IV'iG was HNi which had proved to be safe with respeci to the smission of 
vi uses when used for intramuscular injectiot ence, IVIG \ r • f. - 5 safe. After several years of 
clinical use, however, IVIG products from some manufacturers were surprisingly shown to cause transfer of hepatitis 
C virus infection. 

[0010] Studies to elucidate the fate of viruses during the production of HNI showed that the removal of virus in the 

■> -\ s modest i ne safety of H v 
fact that ■' sosta: - s >i x i ■» „wjul ns in combination with tne modes <_d and the Intramuscular 

route of administration. Ihese protective immunoglobulins can neutralize and render common viiuses in plasma non- 
infectious. Especially when large doses of immunoglobulin are given intravenously, virus infections may occur as dem- 
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onstrated in the early 1 990's Therefore, it was recognized that the production processes .should comprise one or mere 
well-defined virus-inactivation and/or removal steps. 

[0011] A second generation of IVIG based on uncleaved and unmodified immunoglobulin molecules with low anti- 
complementary activity and higher stability was introduced in the mid-eighties but stiii in the form of a freeze-dried 
s product. This IVIG was purified by several chromatography steps. Products of tha ; i > i „i 

for iViG.Theflrst and second generations of VI G thus appear as freeze-dried powders which are dissolved Immediately 
prior to use. 

[0012] Dissolution of freeze-dried IVIG is slow (up to 30 minutes for one vial). Several portions often have lo be 
dissolved for one patient. As it is of high priority for the users to have an IVIG in a solution ready for use, liquid products 

io have been introduced on the market. More importantly there Is still a need for improvement of the production process 
in order to obtain a highly purified, stable and fully native IVIG preparation with higher clinical efficacy and less adverse 
drug reactions. A further developed and Improved process for purifying IgG from crude plasma or a plasma protein 
fraction for a virus-safe, liquid IVIG product is thus needed. Finally, the process should be designed in such a way that 
it can be used in a large scale production. 

is [0013] Th ut ' -i f. ■> i;. d in ir-- i >c i n I ■■<:■ 3:> ir -id * I pi n jl tin ' 

a \ \ \ r in be ri I. fully native. Oiolcgicail e virus - 

Inactivated, and stable new generation of IVIG, which does not contain any detergent, polyethylene glycol (PEG) or 
albumin as a stabilizer. 

[0014] DE 4118912C1 discloses a process for purification of monoclonal IgG molecules obtained from hybridoma 
20 cells. This process does not comprise the steps (b) or (d) as described in the- present invention and the IgG product 
31 ^ -< 1 I 1 i t -3 f I i ,1-1 I < -1 si i -i ,\i 1 - f > t n > 

deiiciencles and autoimmune diseases as the IgG product of the present invention does. 

SUMMARY OF THE INVENTION 

[0Q15] r i <ii s i i n procedure r d =r mproved liquid immunoglobulin 

product which, inter alia, can be administered intravenously. 

[001 6] An immunoglobulin product obtained by the method of the present invention could be called a third generation 
IVIG Ths f- i i i c izedby the following conditions forfractional ion: pepsin cleavage is avoided, aggregates 

so and particles are removed by precipitation (a process step validated to function as a virus removal step), further puri- 
fication is achieved by column chromatographic ion exchange methods, S/D treatment is introduced as a virus-inacti- 
vating step, and the preparation is formulated as a liquid product. 

[0017] Due to the improved purity of the immunoglobulin product obtainable by the process of the invention as com- 
pared to the prior art products, the addition of stabilizers such as a non-ionic detergent, PEG or albumin is not necessary 
35 i j avoid 31 IgG d 3 s rage of the IViG as a liquid product. The product obtainable by the 

process of the invention has a higher quality than the prior art products and provides improved clinical effects, and 
unwanted adverse effects are virtually absent. 

DETAILED DISCLOSURE OF THE INVENTION 

[0018] invent t to i c n Duiin G 5 Je immunogSobuiin 

containing plasma protein fraction, which process comprises the steps of: 

(a) preparing an aqueous suspension of the crude immunogiobulin-containing plasma protein fraction; 

45 

(b) adding a water - Jute substantially r or , i n i ^ protein proeipttant to said suspension of ,f: (a) in an 
amount sufficient to cause precipitation of a high proportion of non-immunoglobulin G proteins, aggregated immu- 
noglobulins arl 1 i I ■ f.t <. i s . , p without causing substan- 
tial precipitation of monomeric immunoglobulin G, thereby forming a mixture of a solid precipitate and a liquid 

so supernatant, 

5 t I if r i G-containing supernatant 1 1 < t I 

slying the ciarifie nrnunog col! 1 G-oonia ig supernatant of step (c) to an anion exchange resin and 
55 subsequently a cation exchange resin; wherein the anion exchange resin and the esnur •? ng ssin ate con- 

nected In series and wherein the buffer used for the anion exchange chromatography and the cation exchange 
chromatography is the same buffer, the pH of said buffet is below 8.0 



3 



EP 1 084 147 B1 



(6) washing out protein contaminants and the protein precipitant from the cation exchange resin of step (d) with a 
buffer having a phi and ionic strength sufficient to remove the contaminants from the resin without causing sub- 
stantial elution of immunoglobulin G; 

s i q ri o gk * j i ^ n ^ ^ i c ^ i ) , r n i o i ntrq suffer 

having a pH value and Ionic strength sufficient to cause efficient elution of the immunoglobulin G, thereby recovering 
an immunoglobulin G-containing eiuate; 

3 i i i j f i bulin G-containing eiuate of step (f) en id/c 

io , > n r ii ' I i /ir i 

(h) adding a virucidal amount of v js ictlvat j x s ha immunoglobulin G-containing dia'uitrafiltrated and 

II i f o - - i c 3 c , v. r n I ir I o 

« , ' I T . j I j t n a ii n (i v -.in ' 3 < ■> , I 

a cation exchange resin; 

(!) washing the cation exchange resin of step (i) with a buffer having a pH and ionic strength sufficient to wash out 
the protein contaminants and the virus-inactivating agent from the resin without causing substantial elution of 
20 immunoglobulin G; 

< ll I I ill } l II I / ] . I i 1 I 1 f t j I ! 

having a pH and ionic strength sufficient to cause efficient elution of the immunoglobulin G, thereby recovering an 
immunoglobulin G-containing eluate; and 

(i) subjecting the immunoglobulin G 3i I 1 c> >i i i t >. t i i ]i <. 
concentrate the immunoglobulin G of the solution, and adjusting the osmolality by adding a saccharide. 

[0019] The inv« itioi ' I > > i > a n sbulin product obtainable by the process, and the use of said 

oo product for the preparation of a medicament for the treatment of a mammal with PID (Primary immune Deficiency), 
SID {Secondary Immune Deficiency;, ITP (Idiopatic Thrombocytopenic Purpura), polyradiculitis, peripheral polyneu- 
ropathies, Kawasaki's disease, poiymyosilis severe chronic autoimmune diseases Chronic inflammatory demyelinat- 
ing polyneuropathy (CIDP), multifocal motoric neuropathy, multiple sclerosis, Myasthenia Gravis, Eaton-Lambert's syn- 
drome, Opticus Neuritis, epilepsy, Abortus habitual is, primary aniiphospholipid syndrome. Rheumatoid arthritis, sys- 

as £ it lupus erythematosus, systemic scleroderma vasculitis Wagners granulomatosis. Sjogren's syndrome, juvenile 
rheumatoid arthritis, Autoimmune neutropenia, autoimmune haemolytic anaemia, neutropenia, Crohn's disease, colitic 
ulcerous, coeliacais.^ l - - \ I > ii I i i t i ^ - i K / t i ie 

diabetes, sin u his. dilated cardiomyopathy, endocarditis, atherosclerosis and adults with AIDS and bacterial infections. 
[0020] The starting material of the present purification process is an immunogtobuiin-containing crude plasma protein 

40 mi I - i 1 ■ iii> c i ii i i r a- .a > r j i i ! i c n n > irjinafp from donors 
with high titers of specific antibodies, e.g. hyperimmune plasma, in the present specification, the term "imrnunoglobuiin- 
containing plasma fraction" is to encompass all possible starting materials forthe present process, e.g. cryoprecipitate- 
free plasma or oryopreoipilalo- free plasma from which various plasma proteins, such as Factor IX and Anlitbrombin 
have been removed, different Cohn fractions, and fractions obtained through precipitation procedures by PEG (Poison: 

'is et al., (1364), Biochem Biophya Acta, 82, 463-475; Poison and Ruiz-Bravo, (1972) Vox Sang, 23,107-118) or by am- 
monium sulphate I no I i i ma pi frac 3 racl I and Hi but Cohn fraction 
II, or Cohn ct.ion d Ml can ba used as w< ho Cohn fractions a ? f i plasm 
by a standard Cohn-fractionation method essentially as mod i unoglc 
the Cohn fractions contain e.g. fibrinogen a-globulins and p gicb t,$ m » •> * which should 

so I t> o i i i l i 3 -i aid ma ay not be present depending on 

he isola i ; >d used t- ; Cohn tract ; centrif tga on o ion 

[0021] The first step of the process according to the invention involves preparing an aqueous suspension of an 
immunoglobulin cor td > e c on, wherein the IgG concentration In the suspension is sufficiently high 

sothj cu .'t procotcr o to , (, 1 4 i 400 aiy those* o* higher 

sa molecular weigh)- me aggregated immunoglobulins and cider aggregator; proteins as wsii as potentially infectious 
partic os proc p tatc without s . , p - ation of monomelic IgG. This is generally achieved if the concentration 
of the IgG in the buffered and filtered suspension is at least about 4 g/l before the addition of the precipitant, it should 
be taken into consideration that the influence of the protein concentration as well as pH and temperature of the sus- 
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!i i i li i i it >sen. 

[0022] It is preferred that the plasma protein fraction is suspended in water and/or buffer at a substantially non- 
denatutating temperature and pH. The term "substantially non-denaturating" implies that the condition to which the 
term refers does not ca jse subs ic e oss of functional activity of the igG molecules, e.g loss of antigen 

binding activity and/or loss of biological Fc-f unction (see Example 2). 

[0023J Advantageous , t - : otein fraction Is suspended in water acidified with at least one non-denaturating 

5v c ' i < i •■' < r ■> c f c ir c i v ' to 8. times tn i r : tsma protein fracl 1 Hi f \ t the 

r j 'iijhn U i i i f i i i 1 1 r d -> a pH below 6, such as within the range of 4.0-6.0, 

preferably 5.1 -5.7, most preferably about 5.4, in order to ensure optimal solubility of the immunoglobulin and ro ensure 
optimat effect of the subsequent PEG precipitation step. Any sellable acidic buffer can be used I the buffer system 
preferably contains at least one of the following buffers and acids: sodium phosphate, sodium acetate, acetic acid, 
HCi. Persons skilled in the art will appreciate that numerous other buffers can be used. 

[0024] The immunoglobulin suspension is preferably ms ttair jc d temperature, inter alia in order to prevent 
substantia! protein denaturation and to minimize protease activity. The irnmunogiobulin suspension and water as well 
as the t ffer system added p eferabiy have tl e s i > i ^ i i -> V C 

preferably 1-4"C. 

[0025] The suspension of an ethano! precipitaied paste contains relatively large amounts of aggregated protein ma- 
ii Op c mi I i j i in i i« n il n ' r < ' i gqi fa c ; ilk i 

aid, if present, and residual non-dissolved paste. The filtration is preferably performed by means of depth filters, e.g, 
C150 AF, AF2000orAF 1000 (Schenk), 30LA(Cuno) or similar filters. The removal of aggregates, filter aid, if present, 
and residual non -dissolved protein material could also be carried out by centrifugation. 

[002oj f I 

containing filtered suspension in an amount sufficient to cause precipitation of a high proportion of high molecular 
weight -a i I [ \ i t i - , > h immunoglobulins. Other particulate ma- 

terial, such as potentially infectious particles, e.g. virus particles, are also precipitated without causing substantia! 
precipitation of monomorio igG The term "infectious particles" m the present context comprises e.g. virus particles 
(such as hepatitis viruses, HIV1 and HIV2) and bacteria. Substantially non-denaturating, water-soluble protein precip- 
itants are well known In the field of protein purification. Such preclpitants are used for protein fractionation, resulting 
in partial punt c it! ii-i i r do prefer p ecipit n 1s ur tsi ml ^ process of the present 

ii I a J . „ I | I ! ur - > fir Hod : t 

! / I a l i m i 4 i a .y be used a ernatfve means 

for the precipitation. The term "adding a protein precipitant" and v hat t« is oi one or 

more types of protein precipitation agents. 

[0027] A preferred precipitant is the n i\ .... < U I il if i. i! i lai ^ I 

3000-8000 Da, such as PEG 3350, PEG 4000, PEG 5000, and especially PEG 6000 (the numbers of these specific 
PEG compounds represent their average molecular weight). The advantage of using PEG as a precipitant Is that PEG 
Jin i i iff < ~ r if !> f i v t > a! ill or of IViG 

products. The o> oe p onion step also functions as a virus- removal step. PEG concentrates and precipitates the viruses 
irrespective of the species, size, and surface coating of these. 

[0028] mi j i ft at i < 1 i ) - i > n f u I i 

an I v j t hut I t i i i n " nut 

a clear supernatant solution. The protein precipitant may be added as a solid powder or a concentrated solution. 
[0029] For PEG as preeipit.a I c le app! the higher the molecular >i i I 

the concentration of PEG is needed to cause protein to precipitate. When PEG 3350. PEG 4000 or preferably PEG 
6< ^i u I 5 ^n -i r l i l i t i i - i <. f 'he range of 

3-15% by weight, such as 4-10% (such as about 5%, 6%, 7%, 8%, 9%, 10%), wherein 6% is most preferred. In the 
precipitation efep the precipitation process i allowed to proceed at least i aquatoriam is reached t>elwaen the soiid 
and the liquid phase e.g. usually for at least two hours, such as from about 2 hours to about 12 hours, preferably about 
4 hours. Throughout the precipitation the suspension is preferably maintained at a low temperature (e.g. less than 
about 12°C, such as less than about f 0°C, preferably between 2°C and 8°C). The most suitable temperature depends 
on the identity of the protein precipitant. 

[0030] After compleiion of the protein precipitation, a clarified supernatant containing IgG almost exclusively in a 
monomelic loam Is recovered from the mixture of solid precipitate and liquid supernal ant resulting from the precipitation. 
1 recovery l be performed by ji i ieonniques for separahna fiq old from solid phase, i as centrifuga- 

ion and/or f atior eferabiy, a low I o gh cent tge e.g. Westfalia) with 1000-5000 g force is used. 
[0031] Optionally, the recovered, clarified, IgG-corta-mrg super' 1 - ^ 

aggregates. This is optionally followed by sterile filtration performed by use of a conventional sterilization filter (such 
as a 0.22 urn filter from Miliipore or Sartorius), which eliminates e.g. bacteria from the solution. 
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[0032] The clarified and optionally filtrated IgG-containing supernatant is subjected to at least one step, such as two 
steps, but optionally more steps of anion and cation exchange chromatography In order io remove a substantial pro- 
portion of the remaining non-IgG contaminants, e.g. igA, albumin as well as aggregates. In a preferred embodiment, 
"hoc irfioo nc >p to i i | ap ) c 3 o j r o 1 e ; , i subsequently 

s a cation exchange rosin packed in two columns of appropriate dimensions. 

[0033] When performing the ion exchange chromatography steps for the purification of IgG, It is preferred that the 
conditions, e.g. the pH and Ionic strength, are chosen In such a way thai a major portion of the contaminants (e.g. non- 
IgG proteins such as IgA, transferrin a nn ai , lied solution binds to the anion exchange 
resin, wheseas. substantially no IgG adsorbs to the anion exchange resin. With respect to the subseouertl cation ex- 

10 change chrorn ogrspny I orate ,5 = chosen result in binding of si x i II I ■» 

present in the solution applied to the cation exchange resin. Protein contaminants not adsorbed to the anion exchange 

in -if J i ii i l t t 5 i i / c i 

[0034] In the present process, the anion exchange resin and the cation exchange resin i i - in series In 
the present context, the term "connected in series", when used in connection with the ion exchange resins, means that 

change of buffer or other conditions. 

[0035] Several reasons make it advantageous thai the anion exchange and cation exchange chromatography is 
carried out in one step using two serially connected chromatography columns instead o; two independent chromatog- 
raphy steps, e.g. with different buffer compositions. The use of two serially connected chromatography columns makes 

20 the operation r i a 4 in i no. tin f- 4 t !q< ->rt ■> 4 fraction 

between the two ion exchange chromatographic methods, for poss >tys tin I nd ionic ength a addition the 
bu!fe» how is applied to both of the columns at the same time, and the two columns are equilibrated with the same 

; o perform the chromatography step in two steps, i.e. the 
anion exchange resin and cation exchange r r ate no; connected i series. 1 1 1 1 "1 chromatography in two 

25 steps would though, as mentioned above, be more laborious compared to keeping the ion exchange resins connected 
in series, 

[0036] It is presently contemplated that the high degree of purity, the high content of IgG monomers and dimsrs and 
the low content of IgA in the IVIG product of the invention are partly due to the use of two serially connected chroma- 
tography columns. 

30 [0037] As will be known by the person skilled in the art, ion exchangers may be basse! on various materials with 
respect to the m tri* s w :l » to the it ic ic 3 charged groups. For example, the following matrices may be used, in 
fthr' 1ne >i 1 l< ~t n 1 >i -> n - t 11 I c ' < 1 1 <~ >r 

rose Fast Flow® and Sepharose High Performance®), cellulose based (such as DEAE Saphacel®), dextran based 
(such as Sephadex®), silica based and synthetic polymer based. Tor the anion exchange resin, the charged groups 

as «h I a < > , It hi t itrr^r > 1 1 ~)4E) and/ 

or quaternary ammonium (Q). Forthe cation exchange resin, the charged groups which are covalently attached to the 
matrix may e.g. be carboxymethyi (CM), sulphopropyi (SP) and/or methyl sulphonate (S) In a preferred embodiment 
of the present process, the anion exchange resin employed is DEAE Sepharose Fast Flow®, but other anion exchang- 
ers can be used. A preferred cation exchange restn is CM Sepharose Fast Flow®, but other cation exchangers can 

40 be used. 

[0G38] The appropriate volume of resin used when packed Into an ion exchange chromatography column is reflected 
by the dimensions of the column, i.e. the diameter of the column and the height of the resin, and vanes depending on 
e g. the amount ot IgG in She applied solulion and lite binding capacity of I he resin used. 

[0039] e ?u'or -not on o*c ec oqiaphy tnc ion exctwnqe icsm is ?ie I uwoiated with ? 

*s buffer which allows the resin to bind its counterfoils. Preferably, the anion and cation exchange res ns are eqt h \ 
with the same buffc s 1 i it i ^ , « c hen only one buffer has to bo made and used. 

[0040] If, for instance, the chosen anion exchange resin is DEAE Se ore CIV 

il i l siic.r e_ ed series hai e ^ is _ -dv"~ age susly both equilibrated with 
a non-denaturating acidic buffer having about the same pH and ionic strength as the IgG solution to be loaded. Any 

so of a variety of buffers are suitable for the equilibration of the ion exchange columns, e.g. sodium acetate, sodium 
phosphate, tris(hydroxymeth 11 r in ill appreciate 1 h 1 buffers 

ra v - N ^ i x ^ i c - ~ o o as ^ ,;• .n,,-;'; ci < v " t o ., t o \ <^ c | ri io,i 
A preferred buffer for the equilibration of the anion exchange column and cation exchange column when connected in 
series is a j 3 tion with the ange of 5-25 mM, such as within 

ss the range of 10-20 mM 0 : 15 mM. !t is preferred that the pH of the sod' s si used for 

equilibration is within the range of 5.0 to 6.0, such as within the range of 5.4-5 : ' ■ 1 < i out 5 7. The conductivity 
s withir the range 1.0 4 3 13 1 r about 1 .2 mS/cm. Suitable acetate buffers may be prepared from 
sodium acetate trihydrate and glacial acetic acid. 
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[0041] Prior to loading the clarified and optionally filtrated IgG-containing supernatant onto the ion exchange columns, 
the buffer concentration and pH of said supernatant are preferably djuste i eee sary, to values subst \ 
aient to the £ 1 , -> > 1 i t j tei 

[0042] After loading the IgG-containing supernatant onto the columns in series the columns are preferably washed 
s hr i li i j I n -i nm ) j ft ^ i •> 1 ht ji c r |i 

quantitatively transferred from the anion exchange column to the cation exchange column. Subsequently, the anion 
exchange and the cation exchange columns are disconnected, and the cation exchange column is washed in order to 
remove protein coni.amsr>Hr>te from the resin with a buffer having apH and Ionic strength sufficient to elute substantially 
all of the contaminants from trie cation exchange resin Without causing substantial eiution of IgG. 
10 [0043] The initial washing is advantageously performed by using the equilibration i ffe e a hough othe bi 

with a similar concentration and pH-value may be used for the washing. It Is preferred that an acetate buffer is used 
for washing out contaminants from the cation exchange resin. The pH of the buffer could be from 5.0 to 6.0, such as 
within the range of 5 2-6 8, such as about 5.4, 

[0044] The eiution of the IgG from the cation exchange resin is performed with a subs in <; . ■ natu rating buffer 
is having a pH and ionic strength •> f<i u f u h ]~t h r I i 

eluate. in this context, efficient eiution means that at least 75%, such as at least 80%, e.g. at least 85%, of the IgG 

It <■ j, C J ! L li / ! J it 1 ^ 1 \ t -i l_ L t 

tit ion J I i j H ill n i it i 

buffer used is sodium acetate having a pH within the range of 5.0-8.0, such as 6.2-5.8, preferably about 5.4, and a 
20 concentration within the range of 5-40 mM, such as within the range of 10-25 mM, preferably about 15 mM. 

[0045] I > preferred that the i concentration oi the muting buffer is sufficiently i to displace the IgG tt - the 
resin, however, It is conlemplaled thai an increase In pH and a lower salt concentration can be used to elule I he IgG 
from the resin. In a preferred embodiment of the present process, the eiution is conducted as a continuous salt gradient 
eiution with sodium chlondt i i i t i i r * tally from about 125 mM to about 

[0046] The eiution can also be performed by step gradient eiution. It is contemplated that the eiution could also be 
performed as a constant salt eiution, In which the eiution buffer applied to the cation exchange column has only one 
single salt concentration in contrast to the gradient eiution. If a constant salt eiution is performed, the concentration of 
salt may advantageously be •» it j o i 50mMl i i ' xliu chlo de. The advantage 

oo of the gradient eiution compared to the constant salt eiution is that the eiution is more effective with a sail gradient, but 
jnothcr advantage i the elu i o\ nics ic .hen s advantageous because a high ionic strength 
is critical to the stability of IgG. The eiution buffer may further comprise a p c r i stab ig age such as those 
mentioned below. Various other suitable buffer systems may be used for eluting the IgG, as will be appreciated by 
those skilled in the art, Preferably, at least one protein stabilizing agent Is applied to the IgG fraction immediately after 

35 cr 3jt<r 3 th m>! m F i > ' a ■ m c <iov\ 1 fe=a ,k V d ii tie art an 3 tcludeca o ffe ent sugar 
alcohols and saccharides (such as sorbitol, mannose, glucose, trehalose, maltose), proteins (such as albumin), amino 
acids (such a \ a c <. is f ""3 it nc i dwyslabi i?er chosen 

may be one that can be removed Tern the IgG-containing solution :n tne subsequent steps. 

[0047] The suitable conce ii I i il w t r r i ^ I t J°^pi 'L it' f 1 

40 cific agent employed. In one preferred embodiment 1he s abili?ing agent is sorbite preferably -:i a Una concentration 
within the range of 2-15% (w/v) sorbitol, e.g. about 2.5%. 

[0048] Subsequent to eiution from the cation exchange column, the eluate is preferably desalinated (i.e. dialysed) 
? i led The eh offer and ihe conceal ra ion of ig c mad by toombi 1 

dia/uitrahltration process. The term ''diamirrafilirarlon' 1 means that the dialysis and concentration by „i lit „ and 
45 jit ^ . i a v ^ am vi a ;n one aieu ii i- c it r p a j it t Ji i i - mr - u t iter i--.ay 

performed as two separate steps. However, in order to prevent unnecessary loss of the product, it Ic, presently preferred 

o perform the s d concentration by the n ^ ^ step. 

[0049] The membm' ,i , . a" U ' d i t 1 mi . > .... m s I v J ' ' men within the 

range of 10,000-100,000 Da. A preferred membrane type for the present process is a nolysuifone membrane with a 
so nominal weight cutoff of 30,000 Da, obtained from Miliipore. Other ultrafiltration membranes of comparable materia! 

ird |. t i ) . 

[0050] The extent of concentration may vary considerably. The solution is concentrated from about 1 0 g/l IgG to 
about 1 00 g/l, preferably to about 50 g/l. Following the concentration, the IgG concentrate is advantageously Gsaiyscd 
3 v lI c ^', t x m' ov m is t m c sms of low mo- 

ss j -ii jr-tf t it n > r s neans or i: a i exel 

buffer for the diaf titration is 15 mM sodium acetate, pH 5.4 containing 2.5% (w/v) sorbitol. The exchange of buffer is 
cent 1 t d i solution is reduct S/cm, f eferabiy 

less than about 1 .3 mS/cm. During the dia/ultrafiltration, the pH is preferably kept within the range of 4.0-6.0, preferably 
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5.1-5.7, most preferably at about 5.4. 

[0051] Afr; i lior ii° r u r^s a i^n > & ^ ce ^ 3 T uh zin^ ace * s a r l<j isted In the 

solution, if necessary, to thefinai optimal concentration characteristic fort 3 3 3 ent employed. 

If sc bito used, 1 s sorbite concentratio p jferably adjusted to about 10% by weight. 

5 [0052J It is preferred that the stabilized solution is filtered with a filter with a pore diameter within the range of 0.2- 1 .0 
pm, preferably about 0.45 urn, In order to remove aggregates before the next step. At this stage the IgG-containing 
solution appears as a clear solution of an appropriate volume with a nigh s abi 1 t of the higf 

purity, the low ionic strength, the acidic pH, the relatively high concentration of IgG and the stabilizer added. 
G;?3j In the production pt 1 ,1 ind ' dv 5 ret )<' and inactivatic 

10 step;; are preseady incorporated, these steps preferably in j pt ■eoipitation 1 PEG as a general virus-retrieval step 
and an S/D treatment as a virus-inactivating step towards lipid enveloped viruses. Besides the stringent requirements 
to virus safety of the starting material, according to international guidelines., and the well known virus reducing capacity 
of a multistep purification process, the incorporation of two Independent virus reduction ste} „ -> c-.gainstboth 

enveloped and non-enveloped viruses, the medicament of the pros -• 1 

is [0054] Infectious lipid enveloped viruses thai may still be present in the IgG-containing solution are preferably inac- 
tivated at this stage of the process by addition of a virucidal amount of virus-inactivating agent to the IgG-containing 
solution. A "virucidal amount" of virus-inactivating agent is intended to denote an amount giving rise to a solution in 
which the virus particles are rendered substantially non -infectious; and by this a "virus-sate igG-containing solution" as 
defined in the art. Such "virucidal amount" will depend on the virus-inactivating agent employed as won as the conditions 

20 such as incubation time, pH, temperature, content of lipids, and protein concentration. 

[0055] The term "virus-inactivating sgenl s intended to t >te such an agent or a method which can be used in 
order to inactivate lipid enveloped viruses as wel as o v«iop« < r ses 1 t rn virus < !> ir; jei 

. Li ' i\. ) I i a 1 l I t ad 1 1 K K 1 t a 1 \. . l 

as well as only one type of such agent or method. 

2$ [0056] Preferred vtrus-fnactsvating agents are detergents and/or solvents, most preferably detergent-solvent mix- 
tures, it is; re be it a 1 the in inactivating agent ;si optionally a mixture of one or more detergents oh one 
or more solvents, Solvent/detergent (S/D) treatment is a widely used step for Inactivating lipid enveloped viruses (e. 
g. HIV1 and HIV2, hepatitis type C and non A-B-C, HTLV 1 and 2, the herpes virus family, Including CMV and Epstein 
Barr virus) in blood products. A wide variety of detergents and solvenls can be used for virus inactivation. The detergent 
may U 1 1 1 1 1 \ i-.it a 1 1 it 1 J -> >ubs a 1 al \ 1 , 1 
■itn.-iu .» lap "'jf 3 at „ ui J c.,.i 1 1 'at 1 1 t^o^. . 1 . an y of the detergent from 
the IgG preparation by the subsequent step. Suitable detergents are described s g by Shanbrom et al., in US Patent 
4,314,997, and US Patent 4,315,919. Preferred detergents are those sold under the trademarks Triton X-100 and 
Tween 80. Preferred solvents for use in virus-inactivating agents are- dl- or trialkylphosphates as described e.g. by 

as x*m \rl 'i > i ^ - 1 > 1 5 1 < a I t 1 I i I j 1 it mTNBP). An especially pre- 

ferred virus-inactivating agent for the practice of the present invention Is a mixture of TNBP and Tween SO, but, alter- 
natively, 01 her combinations can be used. The preferred mixture is added in such a volume that the concentration of 
TNBP In the IgG-containing solution is within the range of 0.2-0.6% by weight, preferably at a concentration of about 
0.3% by weight. The concentration of Tween 80 in the IgG-containing solution is within the range of 0.8-1 .5% by weight, 

40 preferably at a concentration of about 1% by weight. 

[0057] The virus -inactivation step is conducted under conditions inactivating enveloped viruses resulting in a sub- 
stantially virus-safe IgG-containing solution. In general, such conditions include a temperature of 4-30°C, such as 
IR-2S"C, 23-27 'C. preferably ai > G nd an r on lime foun 1 I \< vatidal ion studies;. Genera / 

an incubation time of 1-24 hours is sufficient, preferably 4-12 hours, such as about 6 hours, to ensure sufficient virus 

45 Inactivation. However, the appropriate conditions (temperature and incubation times iepen c the\ s lac 

agent employed. pH and the protein concentration and lipid content of the solution it is contemplated that other meth- 
ods tor removal of or inactivating v 1 js c 

methylene blue with subsequent inactivation by radiation with atttaviolet light or nanoflllraiior: 

[0058] After the solvent/detergent treatment, the solution is advantageously diluted with buffer. Optionally, the sub- 
so sl.aatlaiiy virus-saie IgG-containing solution is filtered, preferably through a depth titter as described previously in aa 
earlier step of the present process and/or through a sterile filter 

[0059] After virus-inactivation and preferably filtration, ion exchange chron ;g p y s perform x 1 orde t it ove 
the virus-inactivating agent and protein contaminants. This step is preferably performed as already described for the 
previous > I 1 ne of the anion 

ss v c hat o' catk n exchange re^ m and that the » 0 i is more 

extensive, at least six column volumes of buffer are used. Additional y n apref ent o the invention, the 

> t u f (it I it 1 a c > "< f I i at 1 

a pH within the range of about 5.0-5.8, preferably 5.4. As mentioned previously, the sodium acetate content and the 
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pH of the IgG-containing solution are preferably adjusted to the same concentration and pH as the equilibration buffer 
tea ear, 6" o the invention, a protein stabilizing agent, preferably maitose, is added to the 
recovered eiuate 1o a final concentration within the range of 1-5%, preferably about 2.5% by weight. 
[0080] The preferred method c > '-' in k > > 1 I all tj 3c v s oy 10 1 o<c\\ 1 shy. However. 

s other methods, sued as oil extraction and alternative chromatographic methods, arc contemplated to be useful. The 
appropriate method depends on the virus-inactivating agent employed. Removal of solvent/detergent may thus be 
1 1 3 )G to a resin and, subsequently, a thorough washing out of the 1 n with buffer 

' a tv 1 j i nvention, anion ex- 

change htomatograp 'is >< > ' 1 i i Ji1 to t < exc 1 1 1 I 1 11 j g )hy jrder to improve the 

10 quality and overall purity of the final product of the present process. 

[0081] After the ion exchange chromatography step, the IgG-containing eiuate is preferably dialysed and concen- 
trated; hereby the content of remaining smaller protein, components Is also effectively reduced. Advantageously, this 
c sr 5 f os p - j h ii i ' a - i u :xsly The buffer employed for ii ; e jiati uauon is sodium ac- 

etate, preferably at a concentration from about 4 to 10 mM, preferably 7.5 mM, and at a pH within the range from about 

« 4 0 to 6.0. preferably about 5.1-5 7 such 1 1 o J S 4. Alters;-;! ivefy. other buffers 1 as sodium f. 1 do or acids 
can be used tot .r.c- d -'litLmcn The -jiaf:h ation continues until the conductivity is iess than or equal to 1 mS/cm. 

1 . - 'ally the IgG-containing solution is further sterile filtered. 
[0062] I' 3esi ec he junf xi jC ; i t t 11 ^ 1 11 q a 1 1 

subjected to further treatments for the purpose of making it suitable for formulation as a liquid product to be used e.g. 

20 Intravenously, subcutaneously, or Intramuscularly. 

[0083] From a practical point of view it is preferred that the content of the liquid formulation of the immunoglobulin 
i j t 1 I f t lu if I in ht y 

of 0.25-20% by weight (corresponding to 2.5-200 9 of IgG/l), such as about 1 -20% by weight, i.e. about 2%, 3%, 4%, 
5%, 6%, 7%, 8%. 9%, 10%, 12%, 14%, 16%, 18%. 

25 [0064] It! -A '* 1 1 1 'j 1 < ^ -i 1 m ii 1 iul > ii l v >. it f c a 2 

concentration moans that the maximum infusion rate when administering IgG intravenously to the patient has to be 
quite low as transfusion problems, due to the high osmotic pressure of the product, have to be avoided. A presently 
recommended concentration for intravenous administration by European Pharmacopoeia (Ph. Eur.) is 5% (w/v). On 
the other hand, a qi t 1 t t (e.g. 10% or above) is advantageous for Intramuscular or subcutaneous 

so injections. 

[006S] Although not preferred, it is evident that the products obtainable by the various process steps of the invention 
can also be used as e.g. freeze -dried products instead of as liquid formulations although this is less favourable com- 
pared to the use of the immunoglobulin products as instant liquid formulations. The latter embodiment will be described 
in more detail in the following. 

3s [0066] Liquid immunoglobulin products are most stable at an ionic strong! h marf. c dly lower than that of plasma, i.e. 
the conductivity is preferably less than 1 .0 mS/em, preferably about 0.8 mS/cm. 

[0067] The pH ha: nf ie sta > I on the infusion rate. I quid im umogiobuiin products are 

most stable under acidic conditions, i.e pelow the isoelectric point ot IgG. pi I 6 4-8.5. The closer the pi I value Is to 
the physiological pH value (7.1 -7.3), the higher infusion rate can be employed. As a consequence of the stability re- 
40 quired, the pH of the immunoglobulin product of the invention will preferably be within the range ot 5.1-5 7, such as 
between 5.2 and 5,6, such as about 5.4. 

[0068] Furthermore, the Immunoglobulin product may comprise protein stabilizing agents as described previously. 
ni.;> ;uga; al Is and saccharii so ;orbil< i.annos i Irohalos nal use) . also [ ein 

(such as albumin), amino acids (such as lysine, glycine) and organic agents (such as PEG and Tween 80) may be 
45 used as well as stabilizers. The suitable concentration of the stabilizing agent in the gG-contain on depends 

on the specific agent employed as described previously. 

[OOMj v i md ou 01 Pin 

"isotonic solution" is intended to denote that the solution has the same osmotic pressure as in plasma. As mentioned 
above, the ionic strength is m < i 1 3 M 1 I n m j o ormulation than 

so in plasma. For that reason it Is preferred that mono- or disaccharides are used to increase the osmolality of the solution 
since this does no; affect the sonic strength, in a preferred embodiment of the present invention, maltose is added at 
a concentration ensuring that the solution is isotonic and, at the same time, maltose functions as an immunoglobulin 
stabilizing agent. This is preferably performed by addition of maltose to a final concentration within the range of about 
o'> to 1 ^ v i vi otoci L I ,' o _ 5 d 

55 [0070] The preferred final conditions tor the immunoglobulin product are a co n and phys- 

iologically 1 ' onlc strength and tonicity. Furthermore, the immunoglobulin 

1 st mplywilhtl uiren \ 1 j v it s (if '1 { o 518, Ph. Eur, 1997. 
[0071] The main advantages of the product obtainable by the method of the invention are that, when formulated as 



3 



EP 1 084 147 B1 



quid preparalion. the product is { i 1 uld ready-for-use product which, at !he same time, is very 

stable, highly purified, has a largely normal distribution of IgG subclasses and has an extremely low IgA content as 
well as a low IgM content, and retained antibody activity and bloiogicai activity shown by the Fc function. 
[0072] Moreover, it contains essentially no aggregates of immunoglobulins end/or other plasma proteins measured 
as polymers higher than dimcrs and has a low artticompiementary activity, and it has a very high content of IgG mon- 
omers and dimers. Monomeric IgG constitutes at least 90%, which is considered to be ideal. Due to the high stability 
it is possible to avoid the addition of othe f i iIa « ' t n or PEG. Finally, the product 

Is virus-safe as the process comprises well-defined and validated virus-reduction steps aimed at removing and/or 
inactivating both lipid enveloped and non-llpid enveloped viruses. 

[0073] The aim of validating a production step as a virus reduction step is to provide evidence that the production 
, r(.-\ L t " ~ ^ i , n 5 ti ° vt r, mi - I " i c ,< n ^ 

could conceivably do so. Validation studies Involve the deliberate addition of a virus prior to the production steps to be 
validated and measuring the extent of its removal nactiv r t production step o eps. GMP rest s jreven 
the deliberate introduction of any virus into the production facilities. Therefore, the validation should be conducted in 
a separate laboratory equipped tor virologica work on a sealed-down version ot the proriuclion step end performed try 
staff with viroiogical expertise in conjunct ion w:lh the production engineers. The amount of virus added to the starting 
materia! for the production step which is to be validated should be as high as possible in order to determine the capaci ty 
of the prodt c i r ctivate/remove via ever, the virus sf I i I 

the composition of the production material is not significantly altered. Preferably the volume of the virus spike will be 
equal to or less than 10%. 

[0074] Quant iative infec dvity assays should be performed according to the principles of GLP and may involve plaque 
formation, detection of other cylopalhic effects such as syncytia or foci formation, end pond filiation (eg., TC!D 50 as- 
says), detection of virus antigen synthesis or other methods. The method should have adequate sensitivity and repro- 
ducibility and should be performed with sufficient replicates and controls to ensure adequate statistical accuracy of the 
results. 

[0Q75J yf v n c stop i rig * it it i if eduction in the ord )f 4 logs >r more is 

acquired, it is indicative of a clear effect with the particular test virus under inves - on - nilarly, a reduction in the 
order of 4.5 logs, 5 logs, or even 5.5 logs, Is indicative of a clear effect with the particular test virus under investigation, 
and the step cart be classified as a validated virus reduction step 

[0076] The virus validation studies should be performed with viruses resembling those which may contaminate the 
product as closely as possible and secondly to represent as wide a range of physico-chemical properties as possibie 
' o o 1 . h s o -> , M i m ,1 - ' r c 

[0077] The virus validation studies should be performed in accordance with the CPMP Note tor Guidance on Virus 
Validation Studies: The Design, Contribution and Interpretation, of Studies Validating the inactivation and Removal of 
Viruses (CPMP/BWP/268/95) and Note for Guidance on Plasma Derived Medicinal Products (CPMP/BWP/269/95). 
[0078] The validation studies of the present process are presented in example 5. 

[0079] The product of the invention Is more than 95% pure, preferably above 98%. The high degree of puri ty is, inter 
alia, due to the fact that the product of the invention Is obtained by at least one, preferably two, optionally serially 
conn ge chromatography steps. It is noteworthy in this context that It has been possible to 

obtain ii i t < r jf > 1 c i \ r 1 

per kg of fresh frozen plasma. 

[0080] The comparative studies which have been carried out (Example 2) have shown that the immunoglobulin 
product obtainable by the process of (he invention has ideal functional properties, such as prominent antigen binding 
activities and a high Fc function. The presently preferred medicament developed by the present inventors is a 5% by- 
weight immunoglobulin solution. Stability tests have so far indicated stability at 4°G storage for more than one yean i. 
e xilin p c r cr-ra ion or fragmentation of immunoglobulins G, loss of 

the desired bioiogieai activity, or increase of undasirsd activities, e g anticomplementary activity anct prohailikratn ac- 
tivity as measured in vitro. 

[0081] Based on the present invention, it is possible to obtain an IgG product that Is more than 95%, such as at least 
96%, ot at least 97%, e.g at least 98%. preferably at least 99%, more preferably at least 99 5% pure The IgG product 
should contain essl in 6 ng of IgA/ sue a- ess than 4 mg of IgA/l, preferably less than 3 mg of igA/l, more preferably 
less than 2 mg of IgA/l. 

[0082] It should be stressed thai other products contain stabilizers in the form of a detergent, PEG, or albumin, in a 
preferred embodiment, the product of the present invention does not contain any of s i I , c ' ., ' a! v» 
tolerated saccharide has been chosen. 

[0083] The product of the present invention has, as one of its characteristics, a very low content of polymers and 
aggregates. In a preferred embodiment, the product of the present invention contains less, than 1 5% polymers and 
- ^ ci s less than 1%, e.g less than 0.5%, or less than 0.25% polymers and aggregates. The content of 
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IgG monomers and dimers is at least 95%, such as at ieast 96%, or at least 97%. e.g. at least 98%, preferably a1 least 
98.5%, or 99%. The content of monomelic IgG is at least 90% in the product. 

[0084] rria ciinicaleffectoftheprcductofthepresentlnventioncomparabli eg IV G products. 

The product has been well-tolerated by the patients, and the turnover time of the immunoglobulins in circulation has 
s beers determined to be four weeks. In the proscni trials, the immiiPomoouiating effect of IVsG. SSI has been shown to 
be convincing (data are presented In example 3). 

[0Q85] The indications for ! V u i i mnn variable immunodeficien- 

cy, 'A'iskoif-Aidnch syndrome and severs combined immunodeficiency (SCID). secondary hypo^QorTiroagiobriiiriaemiH 
in p«tt c'-ls. ts< Iikii I. t j 'k I jk 1 " I 1 J t ivoa a children #rU AIDS and bacterial nfections 
10 acute and chronic idiopathic thrombocytopenic purpura (iTP; allogenic bone marrow transplantation (B'vIT}, Kawasa- 
ki's disease, and Guillan-Barre's syndrome. 

C I O f 1! 1 1 1 I 1 ! UO i ll I 

rosis, Myasthenia Gravis, Eaton-Lambert's syndrome, Opticus Neuritis, epilepsy. 
Gynaecology: Abortus habitual Is, primary antlphosphollpid syndrome. 
is Rheumatology: Rheumat icfarlhni' systemic lupus 6 vt : 1 ri'rsgai 

ulomatosis, Sjogren's syndrome, juvenile rheumatoid arthritis. 

Haematology: Autoimmune neutropenia, autoimmune haemolytic anaemia, neutropenia. 

Gas1:rointes1:r;ai: Croon's disease, oolitic ulcerous coellac disease Others' Asthma septic shock syndrome, chronic 
fatigue syndrome, psoriasis, toxic shock syndrome, diabetes, sinuitis, dilated cardiomyopathy, endocarditis, athero- 
20 sclerosis, adults with AIDS and bacteria! infections. 

[0086] Apart from the mentioned irn. c t: mc twif / G pi Jot .n 1 < ^ ere autoimmune diseases, 

» ti ii til ! a i i i i i i ii fit i I trier - 

apy with the product of the present invention. Among these are several neurological diseases such is polyi culitis 
and some immune-mediated peripheral polyneuropathies, but also some chronic inflammatory rheumatic and vascular 

undi ! ii A I x >.! j t id t 

fO0S7j ' \\\ i ' i t i ft i ition may be the o 5 f infectious antigens 

in chronic infections and an increase of IgG metabolism. 

[0088] The invention is further illustrated by the following examples, which are not intended to be limiting. 
30 EXAMPLES 
Example 1 

PROCESS STEPS IN THE PURIFICATION OF IMMUNOGLOBULIN (with the exception of step 5, all steps are carried 
35 out at 5±3°C) 

Step 1 : Preparation of Gohn fraction II + III paste: 

[0089] >ii'f r I p to l v. v i nf j i >i Lv i ft 1 1 e 'J(C h 

40 j- ^1,5 tin p s> C -> ' - - I M i> - t i \ s I'Uin » sn 3 \i-xh 

MS. (1 952), Vox Sang 1 \ 2 ~" si pre jtioi litia tie ipilate i lovec 

and, if desired, after adsorption of certain plasma proteins (such as Factor iX and Antlthrombin) to e.g. an ion exchange 
materia! and/or a Heparin Sepharose® matrix 

[0G90] The exact conditions (pH, ethanol concentration, temperature, protein concentration) for obtaining the fraction 
45 H-iii paste appear from the figure at page 286 in Hams JR (ed). Blood Separation and Plasma Fractionation, Wiley- 
Liss, New York, 1 991 . The paste is isolated on a filter press by adding filter aid prior to filtration. 

L10iZJjtofL„ ! ' l I loac 

50 [0091] From > kg of fraction I! asl c i di 0 kg r it he Serman rres ng ri 
volume of plasma of about 1 1 50 kg) . extraction is accomplished by first adding 525 kg of 2.33 mM sodium phosphate/ 
acetate Puffer, pH 4,0, with slow stirring for about 1 .5 hours, followed by 2 consecutive additions of 350 kg of water for 
Injection (WFI) with stirring for about 1 5 hours after each addition. Finally, about 2S0 kc of 2 i .5 mM sodium phosphate/ 
acetate, pH 7.0, are added t t r g the pH of the suspension to 5.4. 

55 [0092] The suspension is filtered through a depth filter (C-150AF, Schenk, Germany). The filtrate contains, among 
other proteins, the immunoglobulins. 
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[0093] PEG 6000 (Merck, Germany) is added to the filtrate of step 2 to a final concentration of 6% by weight. After 
precipitation for 4 hours, the PEG suspension is centrifuged to clarity in a flow-through centrifuge (Wsstfaiia BKA28. 
s Germany) and is depth filtered (SOLA and 90LA, Cuno, Franco} jr 3 cred throne 

filter (Durapore, Millipore, U.S.A.). The filtered PEG supernatant is buffer-adjusted by adding 1 part of a 0.45 M sodium 
acetate buffer, ph i 5.7, to 29 parts of supernatant: to reach a pH of 5.7. 

- ' ' ' ' . - v 1 ' ' 1 it ^graphy (I): 

?o 

[0094] Two chromatography columns are packed with 56 I of DEAE Sepharose FF® (Pharmacia Biotech, Sweden) 
and 56 I of CM Sepharose PF© (Pharmacia Biotech, Sweden), respectively. The columns are connected in series so 
that the liquid flow first passes through the DEAE Sepharose resin and, subsequently, through the CM Sepharose 
resin. The column resins are equilibrated with 15 mM sodium acetate buffer, pH 5.7. Then, the solution from step 3 is 

is applied to the two columns in series. 

[0Q95] During the ion exchange chromatography, most contaminating proteins in the applied solution bind to the 
DEAE Sepharose resin. Whereas IgG runs through without binding to the DEAE Sepharose resin, IgG binds to the 
CM Sepharose resin when ;hc solution migrates through it. After application of the solution, and washing with one 
column volume of equilibration buffer, the DEAE column is disconnected from the CM column. Then the CM column 

20 is washed with three column volumes of 15 mM sodium acetate buffer. pH 5.4, then IgG is eluted with a gradient of 
NaCs from 125 mM 1< i 0 nM Na I if ,< . c - lut iction collected in sorbitoi t 

a final concentration of 2.5% by weigh! 

Slop 5: Soivent/delergeni iS/O) treatment of ;he gG fraction- 



[0Q96] ^ : 1 t . g -i 1 c - ii v c 1 , - 1 1 , . . > ji it > 1 1 1 n mm a j -xi 
50 g of IgG/litre. The employed membrane Is a polysulfone membrane, nominal weight cutoff of 30 kDa (Millipore) 
The diafiltration is performed against a buffer of 15 mM sodium acetate, pH 5.4, containing 2.5% by weight of sorbitol 
and is continued until the conductivity is less than 1 .4 mS/cm. The IgG content of the solution is determined spectro- 
30 photometrically by measuring at 280 nm (A 2S0 ). The sorbitol concentration is adjusted to 10% by weight and the solution 
is filtered through a 0.45 - fitter (Pall Corporation, UK). Tween 80 and TNBP are then added to a final concentration 
of 1 % and 0.3% by weight, respectively, for subsequent S/D treatment. The S/D treatment proceeds for at least 6 hours 
at 25°C. 

35 step 'iRd 1 1 , , < < 1 1 >graphy (II): 

[0097] Two serially connected columns packed with 28 i of DEAE and 56 I of CM Sepharose FF, respectively, are 
equiiiorated with 15 mM sodium acetate, pH 5.4. The S/D -treated IgG fraction from step 5 is diluted with 5 parts of 15 
mM acetate buffer. pH 5.4 fiiteted through a depth filter (Cuno 90 LA) and subsequently sterile filtered (Sartobran, 
40 Sartorius), and applied to the two columns connected in series The ton exchange chromatography and the subsequent 
elutlon of IgG from the CM column are cameo > 1 1 II < f t " i\ inn is; 

extensively washed with 6 column volumes of buffer to remove agents from the S/D treatment. The eluted IgG fraction 
is collected in maltose (Merck Germany) to a fin centralist! y weigh 

4s ctep ~* f n.- cense: ' al mi < 1-,'tiv.i. .te 

|00 f *^j ts 

sodium acetate containing 2.5 % by weight of maltose, pH 5.4 to a final conductivity of less than 1 mS/cm. The employed 
membrane is a polysulfone membrane with a 100 kDa noml I weig s wing protein > ■ ower molecular 

so weight to be eliminated. The final concentration of IgG is adjusted to 50 g/iitre, and the maltose is adjusted to a final 
c >nc r ra ic i 5 ie ma jt i = l 3 m lered through a st 1 ji \ 0 

V V to n, n ' if - a" - . ^ ly 



55 
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Example 2 



[GG99] 



5 


RESULTS FROM AN ANALYTICAL STUDY OF A PRODUCT OBTAINED BY THE PRESENT PROCESS, 




COMPARED TO OTHER IVIG PRODUCTS 













Gammonatlv 


Octagam 


Gc-mmagarcl 


IVIG, SSi 






lyophiiized 


liquid 


iyophlllzed 


liquid 


70 


Purity 


45.4% 1 


99.1% 


94.6%' 


99.8% 


j Albumin 


50 mg/ml 2 


small amounts 


3 mg/ml 2 


not detectable 


! Content of 




96.8% 


97.6%3 


99.3% 




f 


n' 8 U %3 






32°/ 4 




ACA 




30°/° 


34°/ ° 






PKA 


<8 - 5 IE/ml 


<8.5 IE/ml 


<8.5 IE/mi 


<B,5 !E/m! 




Haemagiutinin, 3% 












solution 
























anti-A > 1:2 


negative 


negative 


negative 


negative 




anii-B > 1:2 


negative 


negative 


negative 


negative 




Fc function 


16S% 


121% 


132% 


1 78% 




Subclass 
distribution 












IgGI 


60 0% 




- ~-~-~~~ o ' 


.„„..„.„. 




lgG2 




3" 1°/" 








lgG3 


3,5% 


3.6% 


4.4% 




30 


lgG4 


0.7% 


1 .4% 


O.B% 






IgA 


2.96 mg/l 


54.7 mg/l 


0.85 mg/l 


1 .38 mg/l 




IgM 


0.28 mg/l 


39.1 rng/l 


0.9S mg/l 


0.16 mg/l 




Tween 80 


<20 ppm 


<20 ppm 


not determined 


<20 ppm 


35 


TNBP 


2.0 ppm 


1 .5 ppm 


1 .5 ppm 






PEG 




0.01 nig/ml 


1.6 mg/ml 4 


0,02 mg/mi 




pH 


6.7 


5.7 


6.7 


5,6 




Total protein 


97 g/i 


45 g/l 




51 g/l 




concentration 












Mailose or glucose 


20 mg/ml 


92 mg/ml 


15 mg/ml 


8S mg/m! 



2. declared by producer; 
3: corrected for USA peak; 
4- used as a stabilise; 

45 



[0100] Pharmacopoeia purity requirements for an I 

is pres egarded as being of very high importance for several reasons. From 

3 r t f s oir 1 : • i i v 1 i i t n i i < 1 i i ^ ul J c t I ' - ' n n ;1 

r i i H d'mful e g cause unwanted adverse effects and/or influence the stability of the product. 

[01 01 J Punty car e.g. be analyzed by an electrophoretic technique as described in detail in Ph. Eur.. 1997, pages 
964-965 vv ose acetate gei. For practical purpose's > owevs ' : ■ ; 

used. After electrophoresis, the gel is; fixed, dried, arid stained. Protein bands are finally rnonnored oy scanning. I! 
appears from the table above that the product of the invention is virtually pure (99.3%). 
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[0102] The albumin content was analyzed by crossed immuno-eiectrc s £ s id by C.B. Lau- 

reil (Anal Biochem (1965), 10, 358-361). 5 ul of product was analyzed against anti-human albumin antibodies (DAKO 
s A/S, Denmark, No. A0001 {1/1 00)). Due to the high purity no albumin was dotcc I if' *o cot p ; c %r.?i :! f ho 
Invention. 

'oir ' :c:G rrionorns-rs and carriers 

to [0103] The content of IgG monomers and dimers can be analyzed by gel permea , » •> g-aphv c monitored 
from the chromatograr by egi tion of the areas of the monomer and of the dimer peak. cf. Ph. Eur. The results of 
the various analyses are listed In the table above from which it appears that the sum of the monomer i dimer areas 
constitutes 99,3% of the total area of the chromatogram (from this monomelic IgG constitutes 92%) for the product of 
the invention. 

Content of polymers and a^ gregaies 

[0104] The presence of polymers and aggregates Is known to be the cause of serious adverse effects, often influenza- 
like symptoms, Because of the very high degree of purity reached by the rather gentle production process, the immu- 
20 ncglobuiin product obtainable by the process o? the invention is largely free of polymers and aggregates. Polymers 
cars be analyzed by gel permeation chromatogiaphy, ano any protein pea»s with retention times snorter than the re- 
st ribed n Pn Eur. 

[0105] According to Ph c J lit i g s I J ably be less 1 

3%, The product of the present process contains no measurable aggregates and is thus considered to contain less 
25 than 0.1% polymers and aggregates. 

Anti-complementary activity (ACA) ana piet.ailikrein activator activity (PKA) 

[0106] ACA and PKA are measured as described in Ph. Eur. 
30 [0107] ACA should preferably be as low as possible. According to Ph. Eur. the c t onsumption should be 

iess than or equal to 50%. The complement consumption of the measured sample of the product of the invention is 
I o * i ■> i t t j / t »Mi id be noted thai the presence of albumin 

tends to suppress complement consumption (inventor's observation). 

[0108] PKA if pre- i i! r *, is essentia! for the hypotensive adverse effect of the product. There- 

33 fore, PKA should preferably be as low as possible in an immunoglobulin product. According to Ph Eur. it should be 
<35 ILI/ml when measured as outlined In Ph. Eur. PKA of the product of invention as well as of the other products 
analyzed is less than the quantitation level of the method i.e. below 8.5 IE/ml. 

r;U\en;:Ocgiyuj-y:rc 

[0109] The igfv: fraction of plasma immunoglobulins comprises the ' ^ v h hi <■ * it c c s against blood 
type A and B antigens. The presence of such antibodies may cause unwanted adverse effects due to a possible 
haemniyln c*tn It ■> tie-,) > J > A and/or B. 

[0110] According to Pharmacopoeia requirements, the content of haemagglutinins must be lower than thai causing 
-<s i u i r c i i I i sr jl I J ! t r I ct 'j! il his 

requirement, 

so [0111] Retained antigen binding activities are e-t°! j L t f r t otis of the IVIG. This is also true for 
the immunomodulating c iv as Or the other hand, a retained Fc-f unction is essentia! for the effect of IVIG on various 
\ h jco ytic s cine ctivation of the complement system, F i l 

but an accepted methodology described in Ph. Eur. measures the complement-activating potential of antibodies in the 
preparation against rubella antigen. AcUiVity :s i | i c to i of a Diclog:cal retererice preparation (ERP. P t .. 

55 of immunoglobulins set to be 1 00%. The product complies with the test If the relative activity is more than 60% of the 
reference preparation. !t appears that trie Fc-function of the product of the Invei reryw od particularly 

{ i i I I r I \t \ , i > > I , ^1 uji 1^1 i rore>s 
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rlass distribution 



[0112] The distribution of IgG subclasses is measured by a station P essential!* 
as described by A. ingild (Scand J Immunol. (1983), 17, 41). The concentrations are determined by use of a WHO 
s reference serum (67/97) it is required that the subclass distrioution should be within the range of normal human plasma 
with median concentrations In the range of 3.7-10.2 g IgGf/i serum, 1.1 -5.9 g igG2/i serum. 0.15-1 .3 g lgG3/l serum, 
and 0.06 - 1 .9 g !gG4.'i serum (R. Djurup et al. Scand J. Ciin Lab invest 48, 77-83). Thus, the subclass distribution of 
all the products is acceptable. 



io IgA-contenf 



[01 1 3] The presence of IgA is known 'o^v , vci j v A - c y y 3 1 ^- -in IgA-deflcient 

patient receives an igA-coniaming immunoglobulin preparation, IgA may be considered as a foreign antigen, and the 

result may be the induction of antibodies against IgA in the recipient. The next time an igA-contalning preparation is 
is infused to the pasienl, an anaphylactic reaction may be provoKed c 

preparation contains as little IgA as possible. IgA in an IVIG product can be monitored using an ELISA-technique, e. 

g. where a polyclonal anti-lgA is used to capture IgA, and a labelled anti-lgA is used for the detection of bound IgA. 

Standards arc constructed by dilutions of a calibrator (No. X908. DAKO A/S. Denmark) with a declared IgA-content. 

The product of the process described in Example 1 contains less than 2 mg of IgA'! which is a considerably lower IgA- 
20 content than that of the ether analyzed liquid product. The physico-chemical sicni.- u i>>< havvo ■ IgG and IgA make it 
it 1 li t 1 1 1 il n u in .in > i! > f 1 iv ii ' ir x 1 

chromalogsaf y s s i in he >i as reduce the IgA-conlen! to a very low level. 



igM -content 



[0114] 1 3 1 it I > 1 > ii j> t 1 iclonaidnt IqV i<> used 

to capture IgM, and a labelled antl-IgM is used for detection. Standards are constructed by dilutions of a calibrator (No 
X908, DAKO A/S, Denmark) with a declared IgM-content. it appears from the table that the IgM-content of the product 
of the invention is very low and markedly lower than that of the other liquid product. 

30 

Tween BO, TNBP and PEG 



[0115] Tween 80, TNBP and PEG are measured by standard procedures, in general, the content of these additives 
should be as tow as possible. 

35 

PH 

[0116] pH of the analyzed ic ^ i nocLc s c - d .I I- > -„ v • < noiAulscjit neutra 

after dissolution, with a pH of 6.7. 

RjU Ipr t 

[0117] According to Ph. Eur. the protein concemralion should be at least 50 g/'l 1-10%; at the products fulfil this re- 
quirement. The protein concentration is measured by the method of Kjeldahl. 

45 

t^aji^^ja^^ 



[0118] ba~U ^es .c." nor I, . <, 5 ' y\ 1 t l . . - I v , r 'I > jIk '"\ u 
and are quickly excreted. The content of maltose, sucrose, and glucose is determined by use of a commercial kit 

so (Boehringer Mannheim, Germany) with maltose as a reference. 

[0119] 1s s'abi ized by Iburr and albumin as well as PEG, respectively 

i a saccharide stabi enti n t ie producl of tne invert 

and the other liquid product are very equally stabilized, i.e. with about 9%, 88 mg/mi and 92 mg/mi, of maltose. By 
' k " i ' v. toe oomeni ot :o yen y z , no ss as a parameter of stability, the product of the invention has a higher 

ss stability than the other liquid product analyzed, although their formulations appear very similar. 
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Example 3 



RESULT'S FROM CLINICAL TRIALS 



s [0120] The clinical studies of the product of the present invention, also referred to as IVIG SSL are earned out in 
accordance with ICH and CPMP/38S/95 guidelines. 

[0121] Pharmacokinetics, effect and safety have been examined. The clinical trials have so far included four groups 
o? patterns: patients with primary immunodeficiency syndrome (15 patients), secondary m <. >. i syndrome 
(6 patients), idiopathic thrombocytopenic purpura (15 patients) and patients with chronic inflammatory dernyelinating 
to poiyneuropathia t5 patients). 

[0122] Patients with primary immunodeficiency syndrome or secondary irnmunodef le were treated 

with 0 2-0 ... x oi en s of 2-5 weeks. Patients with idiopathic thrombocytopenic purpura were treated with 400 
mg/kg per day for five days or with 1 000 mg/Kg per day for two days. 

[0123] For safety measures serum-transamlnases, serum-ereaiinine and virus markers have been determined in all 
is patients. Five patients wit!-! Idiopathic thrombocytopenic purpura have been followed for virus, kidney and liver safety 
markes for up to a total of 24 weeks. 



pj _J_1 i _ t 



20 [0124] Ty- was measured to 30,5 days (median). This is in accordance with results of other IViG medicaments. 



mlecl 



[0125] F ic ,ci ->ndap\ n T -> i ■> >> i c > < ft j -.■= i -=; irL 

■-s m ^ jt,m Li »- I ibe c pneumonias were registered retrospectively for a 

6-month period during i ,m c 1 i > t 1 s lit i t. c I <j n i\ rn nt ! f c win 3 «. 

months during which the patients were treated with Immunoglobulin SSI, liquid, the same parameters were registered. 
[0126] The conclusion is thai Immunoglobulin SSI, liquid is just as effective as other IVIG compositions for the proph- 
ylaxis prevemi no? infections n paiientf with primary ;rid se: jndary immunodeficiency syndrom' 
00 [0127] In 80% of patients with idiopathic tnrombco penr pu ^ a m , 1 1 J > - '-30 x 1 0 s / 

L before the treatment with Immunoglobulin SSL liquid to >50 x 10 9 /L after the treatment. The increase in the platelet 
count and the duration of the remission in the individual patient were on the same level as after administration of the 
same dose of other IVIG medicaments, In the cases where comparison was possible. One patient receiving IVIG for 
the first time was refractory to the test drug. Such a reaction to IVIG is not infrequent, and thus not surprising. Details 
35 of the rise of platelets and the duration of the r ise are under way. 

[0128] The conclusion is that Immunoglobulin SSI, liquid is just as effective as other IVIG medicaments in the treat- 
ment of low p itelcu i tit it ! i | ' 1 i 

[0129] According to clinicians, and patients suffering from chronic inflammatory demyelinating polyneuropathia, the 
IVIG, SSI has shown identical efficacy to the !V!G administered prior to the trial. IViG, SSI was tolerated by the patients 
40 equally well as other IVIG products were tolerated by the patients 



Safety 

[0130] Apart from one severe adverse event, splenectomia assessed by the investigator to have no relation to test 
4 -- drug 3 mino i $ have been registers f'hese adverse effects were mainly headache fever, and vom- 

iting. So far, there have been no reports on abnorm vital signs di ; m c VI G £ S No virai seroconversions 
have been registered "there nave been no reports on kidney or iiver damages or cases of anaphylactic shocks. 
[0131] The clinical se id es show that Immunoglobulin SSI, liquid is well tolerated. The frequency of side effects, 
r t < ^ - r t - c ^ ' i> . 1 v n ir 1 5 with ( IVIG medicaments. 



Example 4 



RESULT'S FROM STABILITY STUDY FOR IVIG LIQUID 



55 [0132] In order to test If the liquid IVIG product is stable overtime, a Real time Rea com 0 s study of stabi 

conducted. A m r i of 4 conse 250 ml of each sample) of the IViG product were involved in the study 

and stored at between :?°G • 8°C for at least 12 months Samples from Ihe four batches were analyzed at time zero, 
6 month at storage and 12 months at storage. The results of the study are presented below as means of 4 batches. 
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0 months of storage 


6 months of storage 


1 2 months of storage 




Appearance 


^ c v i! , 1 


Slightly opalescent j 1 


Slightly opalescent and 


5 




colourless 


colourless 


colourless 




Content of 


1 00% 


99.6% 


99.5% 




monomers +-dimers 










polymers +aggreg 


<0.1% 


<0.1% 


<0.1% 




ACA 


3 b. 7% 


38.2% 


37.3% 


10 


PKA 


<S.S lE/m! 


<8.5 IE/ml 


<8.5 IE/mi 




Fc function 


1 07% 


113% 


1 1 1 % 




Subclass distribution 










IgGI 


59.2% 


57.7% 


57.1% 


15 


!gG2 


35.4% 


38.1% 


38.6% 














lgG4 


1 .8% 


1 .6% 


1,7% 




pH 


5.5 


5.5 


5.5 




Protein composition (% 


99.8% 


99.7% 


99.1% 


20 


IgG) 










Total protein concentration 


48.8 g/l 


48.3 g/l 


49.2 g/l 




Osmolality 


348 mOsm/kg 


347 mOsm/kg 


350 mOsm/kg 



[0133] All the above mentioned tests were carried out in accordance with Ph. Eur. and as described In Example 2. 
[0134] The observation thai me content of monom re and d:mers s constant ove; a pence: ol 1 2 months indicates 
that polymers are not formed In the sample. The presence of immunoglobulin polymers is known, among others, to be 
ihe cause of serious adverse effects of < i .. s ymptorns. Boc i^sc of hc<,c ^ jfihoimmu- 

noglobuiin product obtainable by the process of the invention, the product Is largely free of polymers and aggregates 
even after a long period of storage. 

[0135] No increase in ACA is observed over time, although batches expressing rather high ACA deliberately have 

i i <\ A'as observed, it mit, i i ■. <^-r 

dim J o 'oil" \w- 'i 1 in u K ii I i nisi ;d 

[0136] The results fu x case 5 iio prokf,!hK : jctwator activity has developed during storage of the product, 
as the PKA activity does not increase. It should be noted, however, that the values measured are below the lower 
quantification level. 

[0137] The measure of Fc-f unction indicates that the presence of intact functional IgG is maintained during - ora 
Thus, no proteases are present in the samples, as they would have degraded the proteins and thereby lowered the 
Fc-function. Denaturation of IgG molecules has neither taken place as this would have decreased antigen binding 
activity. 

[0138] As It will be known by the person skilled in the art, there might be difference In the stability of the various 
subclasses of IgG. As can be seen horn the present resells ail subclasses arc maintained during storage Indicating 
that the product is stable. This is further supported by the rinding that the protein composition of IgG in the samples 
with approxi lately the same 1 itrai ten tjed c r j ore 

-»m il oi Jit 1 ° vjw u i ( nxJ c c >c > v > icr =t .. n and can be stored at least for 1 2 months 

at 2-8°C without significant changes of characteristics, and by this efficacy and safety Is demonstrated. 

Example 5 

VALIDATED VIRUS REDUCTION STEPS IN THE PRESENT PROCESS OF IVIG PRODUCT 
VIRUS RE MOVAL BY A PARTITIONING STEP 

[0139] Precipitation of virus present in the immunoglobulin solution by polye I < ion studies 

have been performed employing two small non-envelopped viruses, the following virus reductions were obtained: 

removal of 6.3 iog 10 of Hepatitis A Virus (HAV) 
removal of 7.2 log 10 of Polio Vires 
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/ v- on s jies have beer performed employing two enveloped viruses, the following virus reductions were 
obtained: 

removal of 7.6 iog 10 of HIV 
s removal of 7.5 !og 10 of BVDV 

VIRUS INACTIVATION BY A S/D TREATMENT STEP 

[0140] Treatment of the immunoglobulin solution with 1%Tween 80 + 0.3% TNBP, at 25°C for > 6 hours. 
10 Virus validation studies have been performed employing four enveloped viruses, the following virus reductions were 
obtained: 

Inactlvation of 7.4 log 10 of HIV 
Inactivatlon of 5.3 log 10 of Slndbls Vims 
is inacflvalion of 4.1 log 10 of BVDV 

Inactlvation of 5,1 log 10 of PRV 

[0141] A total of 8 validation studies have been performed on two different steps in the process of the present inven- 
tion. The PEG precipitation step has been validated as a virus removal step employing four different viruses, two small 

20 non-enveloped viruses HAV and Polio virus, and two enveloped viruses HIV and BVDV as model for Hepatitis C Virus. 
These studies showed fhat ail four viruses were efficiently removed by PEG precipitation. The PEG precipitation step 
is inerefore validated as an elficierU vsrus removal step The S/D imatrm-i:; has been validated employing four different 
I j is J I i I J i 1 111 i t I k i (. 

nil fctiji viruses. Tfie S/D Toes men! step therefore validated as ; : in efficient virus > t ->i step. Beth vires eduction 

25 steps intheMG process, removal by PEG precipitation ndmactivaiionbyS validated effi 

' n y ■ is ^ii i /\ i i i i i v ii i i v > \, "id BVDV in the process 
are 15 and 11 ,6, respectively. By this the product of the present process can be regarded as virus safe, 



1. A process for purifying immunoglobulin G (IgG), from a crude imm 1 r containing alasma protein fraction, 
which process comprises the steps of: 

35 > r o pa 3 ai us £ ;< 1 i i > m je imr> xjlobuiin-eo lining plasma protein fraction 

(b) adding a water soluble, substantially non-ctenaturatiing protein precipitant to the said suspension of step 
(a) in an amount sufficient to cause precipitation of a high proportion of non-immunogiobuiin G proteins, ag- 
gregated Immunoglobulins and particles including potentially infectious particles such as virus particles, with- 
40 out causing substantial precipitation of monomeric Immunoglobulin G thereby forming a mixture of a solid 

precipitate and a liquid supernatant; 

(r)'XO,'(ll 1 M f 11 1 - I 1 " mi II I I i r , it r > t ' t 

45 (d) applying c 1 tnunoglet C containing supernatant of step (c) to an anion exchange resin and 

subseoi -ri its, x. c ir ! r x r n 

connected in series and wherein the buffer used for the =» i no ration ex- 

change chromatography is the same buffer, the pH of said same buffer Is below 8.0. 

so (e) washing out protein contaminants and the protein precipitant from the cation exchange resin of step (d) 

w:tn a Puhe n.-sv ng a. pH ano y •> k i< ' > xi> it 3 f > I i 

causing substantial eiution of immunoglobulin G; 

(f) eiuiing immunoglobulin G from the cation exchange resin of step (e) with a substantially non-denaturating 
55 buffer having a pH and ionic strength sufficient to cause efficient eiution of the immunoglobulin G, thereby 

recovering an immunoglobulin G-contaltiing eiuate, 

(g) performing a dia/ultrafiltration on the immunoglobulin G-containing eiuate of step (f) to concentrate and/or 
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dialyse the e!u« lib ag 

(h) adding a virucidal amount of virus la iva ir y age"" J 1 l 

and opiionaiiy stabilized fraction of step (g) resulting in a substantially virus-safe immunoglobulin G-containlng 

solution; 

) </ , -> 1 i i j l t ' -;r ic":> j ;c 2? oquently 

to a cation exchange resin; 

(j) washing the cation exchange resin of step (i) with a buffer having a pH and ionic strength sufficient to wash 
out the protein contaminants and the virus-inactivating agent from the resin without causing substantial elution 
of Immunoglobulin G; 

(k) eluting immunoglobulin G from the cation exchange resin of step (j) with a substantially non-denaturating 
buffer having a pH and ionic: strenglh SHjfficjienl !o cause efficient elation of ine immunoglobulin G, thereby 
recovering an immunoglobulin G-containing eluate; and 

; ubjecting the immunog j G >r el teofslep l to di tration to Ic we le ionic sti t gth 

and concentrate immunoglobulin G of the solution, and adjusting the osmolality by adding a saccharide. 

2. A process according to claim 1 , wherein the Immunoglobul iG >n1 jpia na( < if - >n is < i rot 
the group consisting of Gohn fraction II; Cohn fractions li and and Cohn fractions I. II and III. 

3. A process according to claim 1 or 2, wherein the suspension in step (a) is maintained at a temperature from 0°C 
to 12°C and the suspension in step (a) is maintained at a pH beiow 6. 

4. A process according to any of the preceding claims, wherein the protein precipitant In step (b) is selected from the 
group consisting of polyethylene glycol (PEG), caprylic acid, and ammonium sulphate. 

5. A process acres t \ t n i > < < i I \ ii \ \ it i i - o, j it 
the molecular weight range 3000-8000 Da, such as PEG 3350, PEG 4000, PEG 5000, and PEG 6000, 

6. A process according to any of the preceding claims, wherein the anion exchange resin and the cation exchange 
resin in step (I) are connected in series. 

7. A process according to claim 6, wherein the buffer used for the anion exchange chromatography and the cation 
exchange chromatography is the same buffer and the pH of said same buffer is below 6.0. 

8. A process according to any of the preceding claims „ _ n ii t*p (J 
coi it >i u h , i r c ii j t J ^ > it > > 
thy! groups, the resins preferably being DEAE Sepharose FF® and CM Sepharose FF®. 

9.. A pic cos i >iH lij i f h ji a r - v, v - i < ^ x j > ! -I > ai , i 

buffer, such as an acetate buffer with a pH of 5.0-6.0 and having a molarity of 5-25 mM . 

10. A process according to any of the preceding claims, wherein the virus-inactivating agent in stop (h; is a mixture 
of at least on© non-ionic or ionic detergent and at least one soivent. 

11. A process according to any of the preceding claims, wherein t-e i ir \ ' < ' r < •> is a mixture 
of a least one substantially non-denaturating detergent and at least one tri(iower alky!) phosphate solvent. 

12. An immunoglobulin product which is obtainable by the process according to any of claims 1 -11 . 
13 <\r, im lunogiobi ■> 5 >duc t 00. lg to cl t v 12 t iv lg the following characteristics: 

a) a purity of more than 98%, 

b) a content of IgG monomers and dirners of more than 98.5%, 

c) a content of IgA less than 4 mg of IgA/l, and 
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d) a content of lgG1 , !gG2, lgG3 and lgG4. 

14. An imrnunogiooiiim product according to claim 13 which does not comprise detergent, PEG or albumin as a sta- 
bilizer, 

5 

15, An immunoglobulin product according to claim 13 or 14 which contains less than 3 mg/i IgA. 

18. An immunoglobulin product according to any of claims 13-15 which conta 31 between 

30 and 40% !gG2, between 2 and 5% igG3, and between 1 and 4% igG4. 

10 

17. An immunoglobulin product according to any of claims 13-16 which contains less than 0.5% polymers and aggre- 
gates, 

18. An Immunoglobulin product according to any of claims 13-17, which is a liquid. 
Vi A i > r i or use in medics m 

20. An imrru c s t ! r if i ivenoas adrr listral on, 

20 21. Use of an immunoglobulin product according to any of claims 13-20 for the preparation of a medicament for the 
treatment of a mamma! with PID (Primary immune Deficiency). SID (Secondary Immune Deficiency), ITP (Idio- 
r hi 1 Jar vi f t i s i i } , t [ t vii'ii \ " i ! d <p polymyositis 

\ ! I J if ■■ I ^ 1 1V " V UK | I ^ III 

torlc neuropathy, multiple sclerosis, blyasihenia Gravis, F^aton-Lj-mbertK syndrome. Opticus Neuritis, epilepsy 
2$ Abortus habitualis, primary antiphospholipid syndrome, Rheumatoid arthritis, systemic lupus erythematosus, sys- 

ternic Sv I r >d id s i Uc in > r i - ~"\oq en's syndrome, juvenile rheumatoid arthritis, Au- 
toimmune neutropenia, autoimmune haemolytic anaemia, neutropenia, Crohn's disease, coiitic ulcerous, coeliac 
disease, Asthma, septic shock syndrome, chronic fatigue syndrome, psoriasis, toxic shock syndrome, diabetes, 
siriijitis. dilated oaialcrayoaaluy. enaecardiiu;. aiherosckaosuu and aduns whh AIDS and baelena! infections. 

30 

22. Use according lo claim 21 . wherein the mammal is a human being. 



PatentansprQche 

35 

1. Verfahren zum Aufreinigen von Immungiobulin G (IgG) aus einer Rohimmunglobulin enthaltenden Plasmaprotein- 
i v, a i i \i ii n J - I i : , r ia , 1 

a) Heretellen einer wassrigen Suspension der Rohimnunq:.;L».:i:r! 'cudhuitenden Plasmaprotemaak. or 



b) HinzufQgen eines wasserlSsiichen, m Wesentlichen nicht-denaturierenden Proteinausfailungsmittel zu der 
Suspension aus Schritt (a) in einer Menge, die hinrelchend ist, um das Ausfailen eines hohen Anteiis von 
nicht-lmru ; -j i i , u r ' i " i i i potenv c n 

fektiosen Partikeln wie Viruspartikeln zu bewirken, ohne eine wesentiiche Ausfallung von monomerem im- 
mungiobulin G zu bewirken, wobei eine Mischung aus einem . 1 ^ 3 -ilag und einem flQssigen Uber- 
slarsd qoblldci wild: 



c) Gewinnen eines gereinlgten, Immung cjuin 3 e u ^ Schritt (b): 

50 d} Aussetzen dss gereinigten, Immungiobulin G enthaltenden Uberstandes aus Schritt (c) einem Anionenaus- 

au<c h jrh -i / 1 J i -3 j c nit si / i n n j n t< 

Kationenadslauschdrharz in Reihe verouncien sind and wobei der Puffer der ;0i die Anionenausiauschchro- 
matographie und die Kationenaustauschchromatographle verwendet wlrd, der gleiche Puffer ist, und der 
pal Weu dec genannten gieichen Puffers geringei aio 6.0 ist. 

55 

e) Auswaschen von Proteinkontaminanten und dem Prote - I itistauscherharz 

von Sehr t id) t eine n Puffer, dor o nan pH-W , , i i - atk f r/t c i 3 dafur sind, 

die Kontaminanten von dem Harz zu entfernen. ohne eine erhebliche Elution von Immungiobulin G zu bewlr- 
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ken: 

f) Buieren von irrsmungiobulin G yon darn Kationenaustauscherharz von Schrttt (e) mit einem irn Wesentlichen 
nicht-denataderenden Puffer der einer pH-Wert und eine lonenstarke besitzt die hir-reiohend dafur sind, 
effiziente Elution des Immungiobulin G zu bewirken. wodurcn om immungiobulin G onthaltondcs Eiuat gowon- 
nen wird; 

g) Durchfuhren einer Dia-ZUitraf Miration mit dem das ImmLingiobuiin G enthaltenden Eiuat aus Schritt (f), um 

[ i ! / fii / c g I- if i I ier) Agens 

h) Hinzufugen einerviruziden Menge eines Virus-inaktivierenden Mitteis zu der !mm u ngiobu II n G enthaitenden, 
d:a-/uitrafiitri©rt©n und ggf. stabilislerten Fraktion aus Schritt (g), was eine im Wesentlichen Virus-slchere. 
Immungiobulin G enthaitend® Losung ergibt; 

i) Aijssei/an der immiinglabuiin G enihaii.enden Losang von Schrlil (h) einem Anionenausiaui'crierbar/ arid 
nachfolgend einem Kationenaustauscherharz; 

I) Wasehen des Kaffcaienaeetauscherharzea aus Soar in (:) mi; einem Puffer- der einen pH-Wert and eine lo- 
nenstarke besitzt, die hinreichend dafur sind. die Proteinkontaminationen und das Virusinaktivierende Mittel 
von dem Harz auszuwaschen, ohn© eine erhebilche Elution von Immungiobulin G zu bewirken; 

.< Hi t ill ni i i t /i In j i t n itii 

nicht-denaturierenden Puffer: der einen pH-Wert und eine lonenstarke besitzt, die hinreichend dafur sind, 
> ' o- - c I , I r •> hr ~i I It r " immungiobulin G enthaltendes Eluat gewon- 

nen wird; und 

I) Unterwerfen des Immungiobulin G enthaltenden Eiuates aus Schritt (k) einer Dia -/Uitraflitration, um die lo- 
nenstarke zu verringem und Immungiobulin G aus der Losung zu konzentrieren, und Einstellen derOsmolallt&t 
durch Hinzul i i r nds 

Verfahren nach Anspruch 1, wobei die Immungiobulin G enthaltende Piaemaprotoififrafction ausgcwShlt ist aus 
der Gruppe bestehend aus Cohnfraktion II; CohnfrakUonen II und III; und Cohnfraktionen i, II und III. 

Verfahren nach Anspruch i Oder 2, wobei die Suspension in Schritt (a) auf einer Temperatur von 0°C bis 12°C 
gehahen wird and dm; t < i n in Sehrit; (a) i i pH AVer; uaterhaib 6 gehaiten wird 

Verfahren nach emem Air AnspiQcaa. wobei das Proreiriraliuagsraitiei n Schritt (b) ausgewahlt 
ist aus der Gruppe bestehend aus Polyethylenglycol (PEG), Caprylsaure and Ammoniumsulfat. 

rt r 3 I "■ I be! das P irff mittel vahlt is i&t Gruppe bestehend aus PEG 

innerhalb des Molekulargewichtbereiches 3000-8000 Da, wie z.B. PEG 3350. PEG 4000, PEG 5000 und PEG 
6000. 

Verfahren nach einem der vorhergehenden Anspriiche, wobei das Anionenaustauscherharz und das Kationen- 
austauscherharz in Schritt (i) in Reihe verbunden sind. 

Verfahren nach Anspruch 8, wobei der fur die Anionenaustauschchromatographie and die Kationenaustausch- 
chromatographie verwendete Puffer der gieiche Puffer ist und derpH-Wert des genannten gieichen Puffers gerin- 
ger als 6,0 1st. 

if i u i J i iidi n " i i Mi i i lit id) r n i der 

Schritt (ID-: 1 i v a„<->n enthait und/oder das Kationenaustauscherharz in Schritt (d) und/oder Schritt 

(I) Carboxymethylgruppen enthait, wobei die Harze bevorzugt DEAE Sepharose FF® und CM Sepharose FF@sind. 

Verfahren nach einem der vorhergehenden Anspriiche, wobei der Puffer, der In den Schritten (b) bis (!) verwendet 
wird, eln Acetatpuffer, wie z.B. ein Acetatpuffer mit einem pH-Wert von 5,0-8,0 und mit einer Moiaritat von 5-25 
mM ist 
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10. Verfahren nach einem der vorhergehenden AnsprOche, wobei das Virt 3ch l) sine 
Mischung von wenigstens einem nlcht-ionischen oder ionischen Detergenz und wenigstens einem Losungsmittei 
ist 

11. Verfahren nach einem der vorhergehenden Anspruehe, wobc-i das Virus Schritt (h) eine 
Mischung von wenigstens einem im Wesentlichen nicht-denatuiierenden Detergenz und wenigstens einem Trl 

- ' > kj i - - - > i < - 

12. imrnungiobulinerzeugnis, das erhaitlfch ist mil derri Verfahren nach einem der Anspruehe 1 bis 11. 

13. Irnmunglob An h 1 i t i n c ^ iqensc 

a) eine Reinheii von mehr ais 98%, 

b) ein Gehait an IgG-Monomeren und -Dlmeren von mehr als 98,5%, 

c) sir; Gehaii an ig.A von weniger als 4- trig icjA/i u rid 

d) ein Gehait an igG1 , igG2, !gG3 und igG4. 

14. Imrnungiobulinerzeugnis nach Anspruch 13, das kein Detergenz, PEG oder Albumin als Stabilisator enthai! 

15. Imrnungiobulinerzeugnis nach Anspruch 13 oder 14, das wenigerals 3 mg/'l IgA enthalt. 

16. Imrnungiobulinerzeugnis nach einem der Anspriiche 13 bis 1.*. i i lien 30 und 
40% lgG2, zwischen 2 und 5% lgG3 und zwischen 1 und 4% lgG4 enthalt. 

17. Imrnungiobulinerzeugnis nach einem der Anspruehe 13 bis 18, das weniger als 0,5% Polymere und Aggregate 
enthalt. 

18. Imrnungiobulinerzeugnis nach einem der Anspriiche 13 bis 17, das eine Russigkeit ist. 

19. Immunol I i i e-> der AnsprOche 13 bis 18 zur Vsrwendung im Bererch der Medizin, 

20. Imrnungiobulinerzeugnis nach Anspruch 1 9 zur sofortigen intravenosen Verabreichung. 

21. Varwendung eines Immunglobuline jni > it AnsprOche 13 bis 20 zur Hersteliung eines Medi- 
kamentes 21 Beha ung eines S3 rs mil PID (Primary Immune Deficiency. Primare immunschwlche), SID 
(Secondary Immune Deficiency, Sekundare Immunsehwache), iTPii 1 ; : 1 - r- t rombocytopenische Purpura), 
r\ yracic Uit > x . v ci > x . ... . M iu is m( di' ( F jlyn < x t > > ( , h i . l x a j c r 
mur k s 1 i i s / i if i i U ''i n ill 1 isch Neu- 
ropathie. MuitiplerSkierose, Myasthenia Gravis Peeudor 1 ien ptikuene ' „ Epilepsia, Abortus habitua- 
iis, prim ir ^ \ pholipidsynd >rn rheum c 1 F rthnt emisch uput srythema- 

idr>i o' k i' i I x n i v u il r r •> c r n > hi H s 

Autolmmunneutropenie, autoimmunhaemofytische Anaemie, Neutropenic, Morbus Crohn, Colitis ulcerosa, Zdisa- 
kie. Asthma, sepiischem Schocksyndrom, chronischem Ermudungssyndrom, Psoriasis, soxischerrt Schocksyn- 
drom Diabetes Sinuitis dilatierter Kardiomyopathie Endokarditis, Atherosklerose, und von Erwachsenen mit 
AIDS und Bakterieninfektionen . 

22. Varwendung nach Anspruch 21 , wobei der Sauger ein Mensch ist 



Revindications 

1. Precede G IgG), a partir d'une fract'C- x >rute conienan 

des immunoglobulines, ledit precede comprenant les eiapes de : 

{a; preparation d'une suspension aqueiise d'une traction de protein© de plasma brute contenant des 
immunoglobulines ; 

(b) addition d'un agent de precipitation de proteine substantlellement non denaturant, soiubie dans i'eau, a 
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ladite suspension de fetape (a) en una quantiie suffisante pour provoquer une precipitation d'une proportion 
eievee des prateines non immunoglobulines G, d'immunoglobulines agregees et de particules comprenant 
Jes partiou "it nfectieuses ieiies que des particuies de virus, sans provoquer de precipitation 

it! i It n i format i un melang iun ^ ecipi o solids ot a tr n 

nagoani liquide : 

hn oar i c -< c - >| i 

j) ,j j s it i s I t i ! yl j 5 "3 i. 5 1 j Mtie echangeuse 

d'anions et ensulte sur une resine echangeuse de cations, pour lesquelles la resine echangeuse d'anions et 
ia resine echangeuse de cations sont reiiees en serie et pour iesqueiles ie tampon utilise pour la chromato- 
tpourlacht o in ! Ie pH 

< t inionour .- a 

(e) elimination par lavage des cent v-'At s or c k v »c I nl d s c t *p ati x d« pr t -> » ■> re ir 
echangeuse de cations de i'etape (d) avec un tampon possedant an pH et une force lonique suffisante pour 
eiiminer les contaminants de ia resine sans provoquer une eiution substantiate de i'lmmunogiobuiine G ; 

on do nmun no G irdc 3S:n ochangeuse de cations de I'etape (e) avec un tampon 

substantieilement non denaturant possedant un pH et une force ionique suffisants pour provoquer une eiution 
efficace tie hmmunoglobuline G, recuperant ainsi un eluat contenant I'lmmunogiobuiine G ; 

- <t . J i „ i! i ' i to su <. . ."it; v\ rnmunoglobuiine G de I'etape (f) pour concentrer 
d > u it 1 j i it isal on 

•■,-) dai )r d i i 1 . ' i 11 it J \ r j - h 5 x > ) >r i ut i of 3ventuelle- 

i . >n enant I'immuno- 

globullne G substantieilement depcurvue de virus ; 

(!) application de la solution contenant t'immunogiobuline G de I'etape (h) sur une resine echangeuse d'anion 
et ensuite sur une resine echangeuse de cations ; 

(j) lavage de ia resine echangeuse de cations de I'etape (i) avec un tampon possedant un pH et une force 
>fiiq fisan l lit t lavage I it s proteiniques et les agents deactivation de virus 

5 ia resine sans pro ; iut > > itiel! immunoglol ; G 

k) i i j me G a parti r d< id p i i > t i <. * a> 4 

substantieilement non denaturant possedant un pH et uneforcs ionique suffisants pour provoquer une eiution 
effscace de hmmunoglobuline G, recuperant ainsi un eluat contenant hmmunoglobuline G ; et 

(I) application a I'eluat contenant I'immunoglobuline G de I'etape (k) d'une aia/ultrafiii ration pour diminuer ia 
force ionique et concentrer i'immunoglobuline G de ia solution, et ajustement de I'osmolaiite par addition d'un 
saccharide. 

Precede seion la revendication 1 , dans lequel la f =e T j. 1 l' i r r t 1 1 ^ ie 5 co 

est choisie dans Ie groupe consists ni en une fraction II de Cohn ; des fractions li ot III dc Cohn ; et des fractions 

!, il et Ml de Cohn. 

Precede selon la revendication 1 ou 2, dans lequei ia suspension de I'etape (a) est maintenue a une temperature 
comprise entre 0 = C et 12°C et !a suspension de i'etape (a) est maintenue a un pH inferieur a 6. 

Precede selon i'une quelconque des revendlc oris precedences 1 < s Ie 1 er ie pre jitation de prote 
de I'etape (b) est choisi dans ie groupe consistant en du polyethylene glycol (PEG), de I'acide caprylique et du 
sulfate d'ammonium. 

Precede seion ia revendication 4, dans iequei I'agem de p«k pitation ; Ie groupe con- 

sistant en un PEG de poids moleculaire compris dans la gamme de 3Q0Q a 8000 Da, tei que PEG 3350, PEG 
4000, PEG 5000, et PEG 6000. 
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6. Precede seion I'une quele i I ; "'ec6dentes, dans eqi , - I ig sd lions z\ 
la resine echangeuse de cations de I'etape (I) sont eonnectees en series. 

7. Precede selon !a revendication 6. dans iequei it: tampon utilise pour ia chromatographic echangeuse d'anions et 
pour !a chromatographie echangeuse de cations est ie m§me tampon, et le phi dud nSmc t o c nfd \i 
a 6,0. 

S. Precede seion I'une qualconque des revendications precadentes, dans Iequei ia resine echangeuse d'anions cie 
i'etape i et/ou i. i'etape (I) contient des j u\ h> > <■ 5 1 echai igeuse tie catkins 

i'etape (d) et/ou de I'etape (I) contient des groupes carboxymethyle, les resines etant de preference DEAE Sepha- 
rose R~-@ et CM Sepharose F-'F®. 

S. Procade salon I'une qualconque des revendicat N es, dans Iequei le tampon utilise au cours des Stapes 

(b) a (1) est un tampon acetate, tei qu'un tampon acetate possedant un pH de 5,0 a 6,0 et possedant une moiarite 
de 5 h 25 mM. 

10. Precede selon i'une queiconque des revendications pracedantes, dans iequei I'agent deactivation de vims de 
i'etape in; est un melange d'au moins un detergent non ionique ou ionique et au moins un servant. 

11. Precede selon I'une queiconque des revendications precedentes, dans Iequei I'agent deactivation de virus de 
i'etape (h) est un melange d'au moins un detergent Sl.ss' ir -> ^ 1 d < , m ins i ^ : r>l< r t 
(alkyi inferieiK) phosphate. 

12. Produit d'immunoglobulmr i icoj1 i I "> ■> i r u J i Ji -mi 
1 a 11. 

13. Produit d'immunoglobulines selon la revendication 12 possedant les caracteristiques suivantes : 

a) une purete superieure a 98%, 

b) une teneur en monomeres et dimeres d'lgG superieure a 98,5%, 
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FULL PRESCRIBING INFORMATION 

Immune Globnlin Intravenous (Human), 10% Liquid 

Privigen 



WARNING: ACUTE RENAL DYSFUNCTION AND ACUTE RENAL FAILURE 

Immune Globulin Intravenous (Human) (IGIV) products have been reported to be 
associated with renal dysfunction, acute renal failure, osmotic nephrosis, and death, 1 
Patients predisposed to acute renal failure include patients with any degree of pre-existing 
renal insufficiency, diabetes mellitus, age greater than 65, volume depletion, sepsis, 
paraproteinemia, or patients receiving known nephrotoxic drugs. In such patients, IGIV 
products should be administered at the minimum rate of infusion practicable. While these 
reports of renal dysfunction and acute renal failure have been associated with the use of 
many of the licensed IGIV products, those containing sucrose as a stabilizer accounted for 
a disproportionate share of the total number. Privigen does not contain sucrose, (See 
Dosage and Administration [2.4] and Warnings and Precautions [5,1] for important 
information intended to reduce the risk of acute r enal failure,) 



1 INDICATIONS AND USAGE 

LI Treatment of Primary Immunodeficiency 

Privigen™ is indicated for the treatment of patients with primary immunodeficiency (PI) 
associated with defects in humoral immunity. This includes, but is not limited to, common 
variable immunodeficiency (CVID), X-linked agammaglobulinemia, congenital 
agammaglobulinemia, Wiskott-Aldrich syndrome, and severe combined immunodeficiencies, 

1.2 Treatment of Chronic Immune Thrombocytopenic Purpura 

Privigen' " is indicated for the treatment of patients with chronic immune thrombocytopenic 
purpura OTP) to rapidly raise platelet counts to prevent bleeding. 



2 DOSAGE AND ADMINISTRATION 

2.1 Preparation and Handling 

Privigen" is a clear or slightly opalescent, colorless to pale yellow solution. Privigen™ 
should be inspected visually for particulate matter and di *cnl«milion prior minunktrauon. Do 
not use if the solution is cloudy or contains particulates. Any solution that has been frozen must 
notbeissed. DO NOT SHAKE. 

Do not mix Privigen™ with other IGIV products or other intravenous medications. If 
necessary, Privigen'" can be diluted with Dextrose Injection, USP (D5W). If large doses of 
Privigen' 1 ' are to be administered, several vials may be pooled using aseptic technique. 
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The Privigen ' vial is for single use only. Once the vial has been entered under aseptic 
conditions, its contents should be used promptly. Because the solution contains no preservative, 
Privigen"' should be infused as soon as possible. Any unused product or waste material should 
be disposed of in accordance with local requirements, 

2.2 Treatment of Primary Immunodeficiency 

The usual dose of Privigen'" for patients with PI is 200 to 800 mg/kg, administered every 3 
to 4 weeks. An optimum target serum immunoglobulin G (IgG) trough level has not been 
established in randomized, controlled clinical studies. Doses should be adjusted to achieve the 
desired serum trough levels and clinical responses. 

The recommended initial infusion rate is 0.5 mg/kg/min (0.005 mL/kg/min). If the infusion 
is well tolerated, die rate may be gradually increased to a maximum of 8 mg/kg/min (0.08 
mL/kg/min). For patients judged to be at risk of renal dysfunction or thrombotic events, 
Privigen'" should be administered at the minimum infusion rate practicable (see H«; .;</./ 
Precautions [5.1, 5.57). 

2.3 Treatment of Chronic Immune Thrombocytopenic Purpura 

The usual dose of Privigen™ for patients with chronic ITP is 1 g/kg administered daily for 2 
consecutive days, resulting in a total dosage of 2 g/kg. 

The recommended initial infusion rate is 0.5 mg/kg/min (0,005 mL/kg/min). If the infusion 
is well tolerated, the rate may be gradually increased to a maximum of 4 mg/kg/min (0.04 
mL/kg/min). For patients judged to be at risk of renal dysfunction or thrombotic events, 
Privigen should be administered at the minimum infusion rate practicable {see 1 
Precautions [5.1, 5.5/). 

2.4 Administration 

Privigen " is for intravenous (IV) administration and should be given by a separate infusion 
line. An infusion pump may be used to control the rate of administration. The Privigen ' 
infusion line can be (lushed with Dextrose Injection, USP (D5W) or 0,9% Sodium Chloride for 
Injection, USP. 

The following patients may be at risk of developing inflammatory reactions on rapid 
infusion of Privigen"" (greater than 4 mg/kg/min [0.04 mL/kg/min]): 1) those who have not 
received Privigen'" or another IgG product; 2) those who are switching irons another IgG 
product; and 3) those who have not received IgG in more than 8 weeks, These patients should be 
started at a slow rate of infusion (e.g., 0.5 mg/kg/min [0.005 mL/kg/min] or less) and gradually 
advanced to the maximum rate as tolerated. 

Ensure that patients with pre-existing renal insufficiency and those predisposed to acute 
renal failure are not volume depleted before administering Privigen™ (see Boxed Warning, 
Warnings and Precautions [5d] ). 
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The patient's vital signs should be observed and monitored carefully throughout the 
infusion. If side effects occur, the infusion should be slowed or stopped until the symptoms 
subside. The infusion may then be resumed at a lower rate that is comfortable for the patient. 



3 DOSAGE FORMS AND STRENGTHS 

5 g in 50 mL solution 
10 g in 100 mL solution 
20 g in 200 mL solution 



4 CONTRAINDICATIONS 

Privigen'*" is contraindicated in patients who have had an anaphylactic or severe systemic 
reaction to the administration of human immune globulin. 

Because it contains the stabilizer L-proline, Privigen™ is contraindicated in patients with 
hyperprolinemia. 

Privigen™ is contraindicated in individuals with selective IgA deficiency because they can 
develop antibodies to IgA and anaphylactic reactions (including anaphylaxis and shock) after 
administration of blood components containing IgA. Pri vigen " contains trace amounts of IgA 

(see Description [11]), 



5 WARNINGS AND PRECAUTIONS 

5.1 Acute Renal Dysfunction and Acute Renal Failure 

Patients should not be volume depleted prior to the initiation of the infusion of Privigen™. 
Periodic monitoring of renal function and urine output is particularly important in patients 
judged to have a potential increased risk of developing acute renal failure. Renal function, 
including em. nl ui'hk—! met nuiotiui i H t \ :■ and soium ciaunune, should be assessed 

before the initial infusion of Privigen'" and at appropriate intervals thereafter. For patients 
iu Igcd to be at risk of developing renal dysfunction, Privigen should be administered at the 
minimum rate of infusion practicable (see Dosage and Administration [2.2, 2.3]). If renal 
function deteriorates, consider discontinuing Privigen". {Set P,.;i.-v «. oan^ !mo information 
[17.1].) 
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5.2 Aseptic Meningitis Syndrome (AMS) 

AMS has been reported to occur infrequently with Privigen" and other IGIV treatments. 
The syndrome usually begins within several hours to 2 days following IGIV treatment. AMS is 
characterized by signs and symptoms including severe headache, nuchal rigidity, drowsiness, 
lever, photophobia, painful eye movements, nausea, and vomiting. Cerebrospinal fluid (CSF) 
studies are frequently positive with pleocytosis up to several thousand cells per cubic millimeter, 
predominantly from the granulocytic series, and with elevated protein levels up to several 
hundred mg/dL. Patients exhibiting such signs and symptoms should receive a thorough 
neurological examination, including CSF studies, to rule out other causes of meningitis. AMS 
may occur more frequently in association with high doses (2 g/kg) and/or rapid infusion of IGIV. 
Discontinuation of IGIV treatment has resulted in remission of AMS within several days without 
sequelae. 2 (See Paik->it Counsclm;? l>>f<» motion {IZ2f.) 

5.3 Hemolysis 

IGIV products can contain blood group antibodies that may act as hemolysins and induce 
in vivo coating of red blood cells (RRCs) with immunoglobulin, causing a positive direct 
antiglobulin reaction and, rarely, hemolysis/" 5 Hemolytic anemia can develop subsequent to 
IGIV therapy due to enhanced RBC sequestration (extravascular hemolysis) or intravascular 
RBC destruction (intravascular hemolysis). 6 

Hemolysis, possibly intravascular, occurred in. two subjects treated with Privigen™ in the 
ITP study. These cases resolved uneventfully. Six other subjects experienced hemolysis in the 
I TP study as documented from clinical laboratory data. 

IGIV recipients should be monitored for clinical signs and symptoms of hemolysis (see 
" 3J). If signs and/or symptoms of hemolysis are present after 
IGIV infusion, appropriate confirmatory laboratory test ing should be performed. If transfusion is 
indicated for patients who develop hemolysis with clinically compromising anemia after 
receiving IGIV, adequate cross-matching should be performed to avoid exacerbating on-going 
hemolysis. 

5.4 Transfusion-related Acute Lung Injury (TRALI) 

There have been reports of noncardiogenic pulmonary edema in patients administered 
IGIV.' TRALI is characterized by severe respiratory distress, pulmonary edema, hypoxemia, 
normal left ventricular function, and fever and typically occurs within 1 to 6 hours following 
transfusion. IGIV recipients should be monitored for pulmonary adverse reactions (see Patient 
) Patients with TRALI may be managed using oxygen therapy 
with adequate ventilatory support. 

If TRALI is suspected, appropriate tests should be performed for the presence of 
antineutrophil antibodies in both the product and the patient's serum. 

5.5 Thrombotic Events 

Thrombotic events have been reported with Privigen™ and other IGIV treatments. 8 " 10 
Patients at risk may include those with a history of atherosclerosis, multiple cardiovascular risk 
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factors, advanced age, impaired cardiac output, hypercoagulahle disorders, prolonged periods of 
immobilization, and/or known or suspected hyperviscosity. The potential risks and benefits of 
IGIV should be weighed against those of alternative therapies in all patients for whom IGIV 
administration is being considered. 

Because of the potentially increased risk of thrombosis, baseline assessment of blood 
viscosity should be considered in patients at risk of hyperviscosity, including those with 
cryoglobulins, fasting chyiomicroneniia/markedly high triacyiglycerois (triglycerides), or 
monoclonal gammopathies. 

5.6 Transmissible Infectious Agents 

Privigen 115 is made from human plasma. Products made from human plasma may contain 
infectious agents, e.g., viruses, and theoretically die Creutzfeldt-Jakoh disease (CJD) agent, that 
can cause disease. The risk that such products will transmit an infectious agent has been reduced 
by screening plasma donors for prior exposure to certain viruses, by testing for the presence of 
certain current virus infections, and by inactivating and/or removing certain viruses during 
manufacturing through pH 4 incubation, depth filtration, and virus filtration (see Description 
[HI). 

Despite these measures, such products can still potentially transmit disease. There is also 
the possibility that unknown infectious agents may be present in such products. All infections 
thought by a physician possibly to have been transmitted by this product should be reported by 
the physician or other healthcare provider to CSL Behring at 1-800-504-5434. (See Patient 
Counseling lufonnutiou / / 7.5].) 

5.7 Interference With Laboratory Tests 

After infusion of IgG, the transitory rise of the various passively transferred antibodies in 
the patient's blood may yield positive serological testing results, with the potential for 
misleading interpretation. Passive transmission of antibodies to erythrocyte antigens (e.g., A, B, 
and D) may cause a positive direct or indirect antiglobulin (Coombs') test. 

5.8 Interference With Live Virus Vaccines 

Immunoglobulin administration may transiently impair the efficacy of live vims vaccines 
such as measles, mumps, and rubella. The immunizing physician should be informed so that 
appropriate measures may be taken i st % v. ^ \ 

[17.6]). 



6 ADVERSE REACTIONS 

The most serious adverse reaction observed in clinical study subjects receiving Privigen™ 
for PI was hypersensitivity in one subject. The most serious adverse reactions observed in 
subjects receiving Privigen™ for chronic ITP were aseptic meningitis syndrome in one subject 
and hemolysis in two subjects. Six other subjects in the ITP study experienced hemolysis as 
dov s em i i ! ; k i 1 A ski i. it s i s ! 



VERSION 10.0 



CSL Beisriisg 



Immune Globulin Intravenous (Human), 10% Liquid 
Prhigen' 



US Package Insert 

July 2007 

Page 7 



The most common adverse reactions observed in subjects with PI were headache, pain, 
nausea, fatigue, and chills. The most common adverse reactions observed in subjects with 
chronic H P were headache, pyrexia/hyperthermia, and anemia. 

In general, reported adverse reactions to Privigen in subjects with either PI or chronic ITP 
were similar in kind and frequency to those observed with other SGIV products. 

6.1 Clinical Studies Experience 

Because clinical studies are conducted under widely varying conditions, adverse reaction 
rates observed cannot be directly compared to rates in other clinical trials and may not reflect 
the rates observed in practice. 

Treatment of Primary Immunodeficiency 

in a prospective, open-label, single-arm, multicenter clinical study, 80 subjects with PI 
received median doses of Privigen™ ranging from 200 to 888 rag/kg every 3 weeks (median dose 
428.3 mg/kg) or 4 weeks (median dose 440.6 mg/kg) for up to 12 months {see <.V 
[14.1]). 

Routine premedication was not allowed. However, subjects who experienced two 
consecutive infusion-related adverse events (AEs) that were likely to be prevented by 
premedication were permitted to receive antipyretics, antihistamines, NSAIDs, or antiemetic 
agents. During the study, 8 (10%) subjects received premedication prior to 51 (4.9%) of the 
1038 infusions administered. 

Temporally associated AEs are those occurring during or within 72 hours after the end of 
an infusion, irrespective of causality. In this study, the upper bound of the 1 -sided 97.5% 
confidence interval for the proportion of Privigen™ infusions with temporally associated AEs 
was 23.8% (actual proportion: 20.8%). This is below the target of 40% for this safety endpoint 11 
The total number of temporally associated AEs was 397 (a rate of 0.38 AEs per infusion). 
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Table 1 lists the temporally associated AEs that occurred in more than 5% of subjects 
within 72 hours after the end of a Privigen™ infusion, irrespective of causality. 

Table 1: Temporally Associated Adverse Events* (TAAEs) in >5% of Subjects With PI 
Within 72 Hours After the End of a Privigen Infusion, Irrespective of Causality 



TAAE 


No. Subjects Reporting 
TAAE (% of Subjects 
[n=80]) 


% Rate of Infusions 
[n=1038]) 


No. hshisimss With 
TAAE (% of infusions 
[n=1038]) 






9(1(8.7! 


82 (7.9) 




20 (25.0) 


51 (4.9) 






13 (16.3) 


29(2.8) 


27(2.6) 


Nausea" 


10(12.5) 




19(1.8) 


chins 


9(11.3) 


IS (1.4) 






Ti'xJ) 


13 (1.3) 








11(1.1) 






5(63) 






5 (0.5) 


Diarrhea 


H&R 


L^J} 


5 (0.5) 


' .- """" ' ' 


5 (6.3) 


5 (0.5) 


5(0.5) 



Of the 397 temporally associated AEs reported for the 80 subjects with PI, the investigators 
judged 192 to be related to the infusion of Privigen™ (including 5 serious, severe AEs described 
below). Of the 187 non-serious AEs related to the infusion of Privigen ,91 were mild, 81 were 
moderate, 14 were severe, and 1 was of unknown severity. The most common temporally 
associated AEs judged by the investigators to be "at least possibly" related to the infusion were 
headache (29% of subjects), pain (14% of subjects), nausea (1 1% of subjects), fatigue (11% of 
subjects), and chilis (11% of subjects), 

Sixteen subjects (20%) experienced 41 serious AEs. Five of these were related severe AEs 
(hypersensitivity, chills, fatigue, dizziness, and increased body temperature) that occurred in one 
subject and resulted in the subject's withdrawal from the study. Two other subjects withdrew 
from the study due to AEs related to Privigen'* (chills and headache in one subject; vomiting in 
the other). 

Seventy-seven of the 80 subjects enrolled in this study had a. negative direct antiglobulin 
test (DAT) at baseline. Of these 77 subjects, 36 (46.8%) developed a positive DAT at some time 
during the study. However, no subjects showed evidence of hemolytic anemia. 

During this study, no subjects tested positive for infection due to human immunodeficiency 
virus (HIV), hepatitis's virus (HBV), hepatitis C virus (HCV), or B19 virus (B19V). 
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Treatment of Chronic Immune Thrombocytopenic Purpura 

In a prospective, open-label, single-arm, multicenter clinical study, 57 subjects with 
chronic ITP received a 2 g/kg dose of Privigen administered daily as two 1 g/kg intravenous 
infusions for 2 consecutive days (see Clinical StitJh-* [14.2]). 

Concomitant medications affecting platelets or other treatments for chronic ITP were not 
allowed. Thirty-two (56.1%) subjects received premedication with acetaminophen and/or an 
antihistamine. 

Table 2 lists the temporally associated AEs that occurred in more than 5% of subjects with 
chronic ITP within 72 hours after the end of a treatment cycle (two consecutive infusions) with 
Privigen , irrespective of causality. 

Table 2: Temporally Associated Adverse Events (TAAEs) in >5% Subjects With Chronic 
ITP Within 72 hours After the End of a Treatment Cycle* With Privigen"', 
Irrespective of Causality 



TAAE 


No. Subjects Reporting 


No. TAAEs Reported 


No. infusions With 


TAAE '(% of Subjects 


(as % Rate of 


TAAE (% of Infusions 




fn=57!) 


Infusions [n-i !4j) 


[n=l 141) 


Headache 


37(64.9) 


48(42.1) 


41.(36.0) 


Pyrexia/hyperthermia 




23 (20.2) 






6(10.5) 


8 (7.0) 


€(?.:,) 


Epistaxis 


6(105) 


8(7.0) 


6(5.3) 


\u ■!»■ 


6(10.5) 


7- (6.1) 


6(5,3) 


Blood unconjugated 
bihnihin increased 


6(10.5) 


6(5.3) 


6 (5.3) 


Blood conjugated 
ltilirsil-.ii! liivivii^-J 


5 (8.8) 


5 (4.4) 


5 (4.4) 


Blood total bilirubin 
increased 


4 (7.0) 


1(3.5) 


4(3.5) 


R'kl.MllJ 


3 (5.3) 


3 (2.6) 


3(2.6) 



* Two consecutive daily infusions. 



Of the 183 temporally associated AEs reported for the 57 subjects with chronic ITP, the 
investigators judged 150 to be related to the infusion of Privigen''" (including the one serious AE 
described below). Of the 149 non-serious AEs related to the infusion of Privigen'", 103 were 
mild, 37 were moderate, and 9 were severe. The most common temporally associated AEs 
judged by the investigators to be "at least possibly" related to the infusion were headache (65% 
of subjects) and pyrexia tiypcrihenrsia (35% of subjects). 
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Three subjects experienced three serious AEs, one of which (aseptic meningitis) was 
related to the infusion of Privigen '". 

One subject withdrew from the study due to gingival bleeding, which was not related to 
Privigen 

Eight subjects, all of whom had a positive DAT, experienced transient drug-related 
hemolytic reactions, which were associated with elevated bilirubin, elevated lactate 
dehydrogenase, and a decrease in hemoglobin level within two days after the infusion of 
Privigen ". Two of the eight subjects were clinically anemic but did not require clinical 
intervention. 

Four other subjects with active bleeding were reported to have developed anemia without 
evidence of hemoly sis. 

In this study, there was a decrease in hemoglobin after the first Privigen™ infusion (median 
decrease of 1.2 g/dL by Day 8) followed by a return to near baseline by Day 29. 

Fifty-six of the 57 subjects in this study had a negative DAT at baseline. Of these 56 
subjects, 12 (21.4%) developed a positive DAT during the 29-day study period, 

6.2 Postmarketing Experience 

The following mild to moderate reactions may occur with the administration of IGIV 
products: headache, diarrhea, tachycardia, fever, fatigue, dizziness, malaise, chills, flushing, skin 
reactions, wheezing or chest tightness, nausea, vomiting, rigors, back pain, chest pain, myalgia, 
arthralgia, and changes in blood pressure. Immediate hypersensitivity and anaphylactic reactions 
are also a possibility. 

The following adverse reactions have been identified and reported during the postapproval 
use of IGIV products. 12 

• Respiratory: Apnea, Acute Respiratory Distress Syndrome (ARDS), TRALI, cyanosis, 
hypoxemia, pulmonary edema, dyspnea, bronchospasm 

• Cardiovascular: Cardiac arrest, thromboembolism, vascular collapse, hypotension 

• Neurological: Coma, ioss of consciousness, seizures, tremor 

• Integumentary: Stevens-Johnson syndrome, epidermolysis, erythema multiforme, bullous 
dermatitis 

• Hematologic: Pancytopenia, leukopenia, hemolysis, positive direct antiglobulin 
(Coombs') test 

• General/Body as a Whole: Pyrexia, rigors 

• Musculoskeletal: Back pain 

® Gastrointestinal: Hepatic dysfunction, abdominal pain 
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Because postmarketing reporting of adverse reactions is voluntary and from a population of 
uncertain size, it is not always possible to reliably estimate the frequency of these reactions or 
establish a causal relationship to product exposure. Evaluation and interpretation of these 
postmarketing reactions is confounded by underlying diagnosis, concomitant medications, pre- 
existing conditions, and inherent limitations of passive surveillance. 



7 DRUG INTERACTIONS 

7.1 Live Virus Vaccines 

Immunoglobulin administration may transiently impair the efficacy of live attenuated vims 
vaccines such as measles, mumps, and rubella because the continued presence of high levels of 
passively acquired antibody may interfere with an active antibody response, 1 " The immunizing 
physician should be informed of recent therapy with Privigen'' so that appropriate measures may 
be taken (see Patient - onn^ \ in/ormoium [17.6]). 



8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 

Pregnancy Category C. Animal reproduction studies have not been conducted with 
Privigen ' , It is not known whether Privigen ' can cause fetal harm when administered to a 
pregnant woman or can affect reproduction capacity. Privigen™ should be given to pregnant 
women only if clearly needed, immunoglobulins cross the placenta from maternal circulation 
increasingly after 30 weeks of gestation. 14 '' 5 

8.3 Nursing Mothers 

Privigen"* has not been evaluated in nursing mothers, 

8.4 Pediatric Use 

I nam 1 i «. a v 

Privigen " was evaluated in 19 children and 12 adolescents with PL There were no 
apparent differences in the safety and efficacy profiles as compared to adult subjects. No 
pediatric-specific dose requirements were necessary to achieve the desired serum IgG levels. 
The safety and effectiveness of Privigen"' 1 has not been established in pediatric subjects with PI 
who are under the age of 3. 

Treatment vi'Chio nk Imm une 1 In >_•• \ k-penic Purpura 

The safely and effectiveness of Privigen™ has not been established in pediatric subjects 
with chronic IIP who are under the age of 15. 

8.5 Geriatric Use 

Privigen 1 " should be used with caution in patients over 65 years of age who are judged to 
be at increased risk .of developing renal insufficiency (see km t ig, Wa ig and 
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Precautions [5.1 J). Recommended doses should not be exceeded, and the infusion rate 
selected should be the minimum practicable. Privigen ' should be infused at a rate less than 2 
mg/kg/min (0,02 mL/kg/min). 

Clinical studies of Privigen™ did not include sufficient numbers of subjects age 65 and over 
to determine whether the\ ic^poul ■ v inv ur ;ci ^ - 



11 DESCRIPTION 

Privigen " is a ready-to-use, sterile, 10% protein liquid preparation of polyvalent human 
immunoglobulin G (IgG) for intravenous administration. Privigen 11 * is prepared from large pools 
of human plasma by a combination of cold ethanol fractionation, octanoic acid fractionation, and 
anion exchange chromatography. The IgG proteins are not subjected to heating or to chemical or 
enzymatic modification. The Fc and Fab functions of the IgG molecule are retained. Fab 
functions tested include antigen binding capacities, and Fc functions tested include complement 
activation and Fc-receptor-mediated leukocyte activation (determined with complexed IgG). 
Privigen ' does not activate the complement system or prekailikrem in an unspecific manner. 

Privigen™ has a purity of at least 98% IgG, consisting primarily of monomers. The balance 
consists of IgG dimers (<12%), small amounts of fragments and polymers, and albumin. 
Privigen contains <25 mcg/mL IgA. The IgG subclass distribution (approximate mean values) 
is IgGi, 67.8%; IgG2, 28.7%; IgG^ 2.3%; and IgG,*, 1.2%. Privigen™ has an osmolality of 
approximately 320 mOsmol/kg (range: 240 to 440) and a pH of 4.8 (range: 4.6 to 5.0). 

Privigen™ contains approximately 250 mmol/L (range: 210 to 290) of L-proline (a 
nonessential amino acid) as a stabilizer and trace amounts of sodium. Privigen 1 ' contains no 
carbohydrate stabilizers (e.g., sucrose, maltose) and no preservative. 

All plasma units used in the manufacture of Privigen'" are tested using FDA-licensed 
serological assays for hepatitis B surface antigen and antibodies to HCV and HIV- 1/2 as well as 
FDA-licensed Nucleic Acid Testing (NAT) for HCV and HIV-1 and found to be nonreactive 
(negative). For HBV, an investigational NAT procedure is used and the plasma units found to be 
negative; however, the significance of a negative result has not been established. 

The manufacturing process for Privigen™ includes three steps to reduce the risk of virus 
transmission. Two of these are dedicated virus clearance steps: pH 4 incubation to inactivate 
enveloped viruses and virus filtration to remove, by size exclusion, both enveloped and non- 
enveloped viruses as small as approximately 20 nanometers. In addition, a depth filtration step 
contributes to the virus reduction capacity. 

These steps have been independently validated in a series of in vitro experiments for their 
c-tp iu > lit v in s kid 1 bo 1 eivchx 1 1 in e w p.. 1 s f b ^ 3 ov\ s 
the vims clearance during the manufacturing process for Privigen™, expressed as the mean logio 
reduction factor (LRF), 
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Table 3: Virus J nactivation/Removal in Privigen™ 



| IHV-1 | PRV 




Virus property 


Genome 


RNA 


DNA 


RNA 


RNA 


RNA 


DNA 


Envelope 




Yes 


Yes 


Yes 


No 


No 


Size (nm) 


80-100 


120-200 


50-70 


50-70 


25-30 


18-24 


Manufacturing step 


Mean LRF 


ii libation 


>5.4 


>5.9 


46 


>7.8 




nt 


; . ■ nitration 


>5.3 


>6.3 


2.1 


3.0 


4.2 


2.3 


Virus filtration 


>5.3 


nd 


>2.7 


>5.9 




>5.5 


■ ds i< if i,, , S< 


>!6.0 


>1 2 y 


>9.4 




>7.9 


"X 



iiiV-l "i'.'tk ! IV • tilt- :\|»- i. '• model H ■ \ -ijii.l f H > 2 PI' \ . pseud. mime \UPs : lun ov\ oV. Pmdei for 

large enveloped DNA » i BVDV. I e I diarrhea \inis. ;i node] i nui { mis AN* A j 

Nile virus; EMCV. encephniotn) ocnrduis >. irtrs. » mode: for hepatitis A \ sriss. M\ M. minute \ srns of mice, a model tor » siunll 
highly resistant, non-enveloped DNA \ :ri:s (e.g.. par- nus}: LRr. iiHi,,. reduction tcclor. lid. no! do'termmed: ni, not tested. 



The manufacturing process was also investigated for its capacity to decrease the infectivity 
of an experimental agent of TSE, considered a model, for CJD and its variant vCJD. 1 " Several of 
the production steps have been shown to decrease TSE infectivity of an experimental model 
agent. TSE reduction steps include octanoic acid fractionation (>6.4 logio), depth filtration (2.6 
logio), arid virus filtration (>5.8 logio). These studies provide reasonable assurance that low 
levels of vCJD/'CJD agent infectivity, if present in the starting material, would be removed. 



12 CLINICAL PHARMACOLOGY 

12.1 Mechanism of Action 

Treatn j fmnninotlcncsciicy 

Privigen™ contains a broad spectrum of antibody specificities. Appropriate doses of 
Privigen" should restore abnormally low igG levels to the normal range. 

Treatment o f Chronic Immune Thrombocytopenic Purpura 

The mechanism of action of immunoglobulins in the treatment of chronic I IP is not fully 
understood, One possible mechanism may be the inhibition of the elimination of autoantibody- 
reacted platelets from the blood circulation by IgG-induced Fc-receptor blockade of 
pi agocytes. 1. Another proposed mechanism is the down-regulation of platelet autoantibody- 
producing B cells by anti-idiotypic antibodies in IGIV. 18 

12.3 Pharmacokinetics 

Treatment of Primary Immunodeficiency 

In the clinical study assessing the efficacy and safety of Privigen' 1 ' in 80 subjects with PI 
(see Clinical Studies [14.1]), serum concentrations of total IgG and IgG subclasses were 
measured in 25 subjects (ages 13 to 69) following the 7 th infusion for the 3 subjects on the 3- 
week dosing interval and following the 5 ta infusion for the 22 subjects on the 4-week dosing 
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interval. After the infusion, blood samples were taken until Day 21 and Day 28 for the 3-week 
and 4-week dosing intervals, respectively. 

Table 4 summarizes the pharmacokinetic parameters of Privigen ", measured as serum 
concentrations of total IgG. 



Table 4: Pharmacokinetic Parameters of Privigen' ' in Subjects with PI 



Parameter 


3-Week Dosing Interval 
(n=3) 


4-Week Dosing Interval 
(n=22) 




Mean 
(SD) 


Median 
(Range) 


Mean 
(SD) 


Median 
(Range) 


C max (peak, mg/dL) 


2,550 
(400) 


2,340 
(2,290-3,010) 


2,260 
(330) 


2,340 
(1,040-3,460) 


C mm (trough, mg/dL) 


(230) 


1,200 
(1,020-1,470) 


1,000 
(200) 


1,000 
(580-1,360) 


todays) 


27.6 
(5.9) 


2.7,8 
(21.6-33.4) 


45 4 
(IS 5) 


(20.6-96.6) 


AUCo-t (day * mg/dL)* 


32,820 
(6,260) 


29,860 
(28,580-40,010) 


36,390 
(5 950) 


.36,670 
(19,680-44,340) 


Clearance (mL/day/kg)* 


(0.1) 


1.3 
(1.1-1.4) 


(0.3) 


1.3 
(0.9-2.1) 



C» m , maximum serum concentration; C m j„, trough (minimum level) serum concentration; 
ty 2 , elimination half-life; AUtV,, area under the curve from 0 hour to last sampling time. 
* Calculated by tog-linear trapezoidal rule. 



The median half-life of Privigen™ was 36.6 days for the 25 subjects in the pharmacokinetic 
subgroup. 

Although no systematic study was conducted to evaluate the effect of gender and age on 
the pharmacokinetics of Privigen™, based on the small sample size ( 1 1 males and 1 4 females) ii 
appears that clearance of Privigen™ is comparable between males (1.27 ± 0.35 mL/day/kg) and 
females (1.34 ± 0.22 mL/day/kg). In six subjects between 13 and 15 years of age, the clearance 
of Privigen™ (1.35 ± 0,44 mL/day/kg) is comparable to that observed in 19 adult subjects 19 
years of age or older (1.29 ± 0,22 mL/day/kg). 

The IgG subclass levels observed in the pharmacokinetic study were consistent with a 
physiologic distribution pattern (mean trough values): IgGi, 564.91 mg/dL: IgG?, 394.15 mg/dL: 
JgG 3 , 30.16 mg/dL; IgG 4 , 10,88 mg/dL, 

S , ! I! ] „ I jj . ' i , , 

Pharmacokinetic studies with Privigen™ were not performed in subjects with chronic ITP. 
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14 CLINICAL STUDIES 

14.1 Treatment of Primary Immunodeficiency 

A prospective, open-label, single-arm, multicenter study assessed the efficacy, safety, and 
pharmacokinetics of Privigen'" in adult and pediatric subjects with PI, who were treated for 12 
months at a 3 -week or 4-week dosing interval. Subjects ranged in age from 3 to 69; 57.5% were 
female and 42.5% were male; 77.5% were Caucasian, 15% were Hispanic, and 7.5% were 
African-American. Ail subjects had been on regular IGIV replacement therapy for at least 6 
months prior to participating in the study. 

The efficacy analysis included 80 subjects, 16 on the 3-week dosing interval and 64 on the 
4-week dosing interval. Doses ranged from 200 mg/kg to 888 mg/kg. The median dose for the 
3-week interval was 428.3 mg/kg; the median dose for the 4-week interval was 440.6 mg/kg. 
Subjects received a total of 1038 infusions of Privigen ' , 272 in the 3-week dosing interval and 
766 in the 4-week dosing interval. The maximum infusion rate allowed during this study was 8 
mg/kg/min with 69% (715) of the infusions administered at a rate of 7 mg/kg/min or greater. 

The primary endpoint was the annual rate of acute serious bacterial infections (aSBIs), 
defined as pneumonia, bacteremia/septicemia, osteomyelitis/septic arthritis, bacterial meningitis, 
and visceral abscess, per subject per year. Secondary endpoints included days out of 
work/school/day care or days unable to perform normal activities due to illness, days of 
hospitalization, and use of antibiotics. 

During the 12-month study period, the aSBI rate was 0.08 (with an upper 1 -sided 99% 
confidence interval of 0.203), which met the predefined success rate of less than one aSBI per 
subject per year. Six subjects experienced an aSBI, including three cases of pneumonia and one 
case each of septic arthritis, osteomyelitis, and visceral abscess. All six subjects completed the 
study. 

The rate of other infections was 3.55 infections per subject per year. The infections that 
occurred most frequently were sinusitis (3 1 .3%), nasopharyngitis (22.5%), upper respirator)'' tract 
infection (18.8%), bronchitis (13.8%), and rhinitis (13.8%). The majority of these infections 
were mild or moderate; among the 255 infections, 16 (6.3%) occurring in 10 subjects were 
considered severe. 
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Table 5 summarizes the efficacy results for all 80 subjects. 



Table 5: Summary of Efficacy Results in Subjects With PI 





80 


Results from Case Report Forms 








26,19* 


Annual rate of confirmed aSBls* 
Arum ections 


0.08 aSBIs/subject year 1 
^ i ect year 


Antibiotic use 

Number of subjects (%) 
Annual rate- 


64 (80%) 
87.4 days/subject year 


Results from Subject 


Diaries 




24,059 


perform normal activities due to illness 
Number of days (%) 
Annual rate 


570 (2.37%) 
8.65 days/subject year 


Hospitalization 

Number of days (%) 


166 (0.69%) 

2,52 - I.!', s v!:b: ^ ■ 1: 



* IK til Is ] l I I I I I 1 i I I I 1 ill 1 i 1 ! * v | II 

and visceral abscess, 
t Upper ! -sided 99% confidence interval: 0.203. 



14.2 Treatment of Chronic Immune Thrombocytopenic Purpura 

A prospective, open-label, single-arm, multicenter study assessed the efficacy, safety, and 
tolerability of Privigen 11 * in 57 subjects with chronic ITP and a platelet count of 20 x 30 9 /L or 
less. Subjects ranged in age from 15 to 69; 59.6% were female and 40.4% were male; all were 
Caucasian. 

Subjects received a 2 g/kg dose of Privigen administered daily as two 1 g/kg intravenous 
infusions for 2 consecutive days and were observed for 29 days. Fifty-three (93%) subjects 
received Privigen™ at the maximum infusion rate allowed (4 mg/kg/min [0.04 mL/kg/min]). 

The primary endpoint was the response rate defined as the percentage of subjects with an 
increase in platelet counts to at least 50 x 10 9 /L within 7 days after the first infusion (responders). 
Secondary endpoints included the increase in platelet counts and the time to reach a platelet 
count of at least 50 x 10 9 /L at any point within the study period, the duration of that response, 
and the regression (decrease in the severity) of hemorrhage in subjects who had bleeding at 
baseline. Platelet counts were measured on Days 1, 2, 4, 6, 8, 15, 22, and 29. Additional 
measurements on Days 57 and 85 occurred in subjects with a platelet count of at least 50 x I0'7L 
at the previous visit. 

Of the 57 subjects in the efficacy analysis, 46 (80.7%) responded to Privigen™ with a rise 
in platelet counts to at least 50 x 1 0 9 /L within 7 days after the first infusion. The lower bound of 
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the 95% confidence interval for the response rate (69.2%) is above the predefined response rate 
of 50%. 

The highest median increase in platelet counts was seen 7 days after the first infusion (123 
x 10 9 /L). The median maximum platelet count achieved was 154 x 10 9 /L. The median time to 
reach a platelet response of more than 50 x 10 y /L was 2.5 days after the first infusion. Twenty- 
five (43%) of the 57 subjects reached this response by Day 2 prior to the second infusion and 43 
(75%) subjects reached this response by Day 6. 

The duration of platelet response was analyzed for the 48 subjects who achieved a response 
any time after the first infusion. The median duration of platelet response in these subjects was 
15.4 days (range: 1 to >82 days). Thirty-six (75%) of the 48 subjects maintained the response 
for at least 8.8 days and 12 (25%) of them for at least 21.9 days. Five (9%) subjects maintained 
a response up to Day 29 and two (4%) up to Day 85. 

A decrease in the severity of hemorrhage from baseline was observed in the following 
bleeding locations: skin (31 of 36 subjects), oral cavity (11 of 11 subjects), and genitourinary 
tract (7 of 9 subjects). This decrease was not sustained in all subjects up to the end of the 29-day 
study period. 
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16 HOW SUPPLIED/STORAGE AN D HAN DL1 NG 

Privigen™ is supplied in a single-use, tamper-evident vial containing the labeled amount of 
functionally active IgG. The components used in the packaging for Privigen" are latex-free. 

The following dosage forms are available: 

NDC Number Fill Size (mL) Grams 

44206-436-05 50 5 

44206-437-10 100 10 



Each vial has an integral suspension band and a label with two peel-off strips showing the 
product name, lot number, and expiration date. 

When stored at room temperature (up to 25°C [77°F]), Privigen'" is stable for up to 24 
months, as indicated by the expiration date printed on the outer carton and vial label. Do not 
freeze. Keep Privigen"" in its original carton to protect it from light. 



34. 



44206-438-20 



200 



20 
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17 PATIENT COUNSELING INFORMATION 

1 7. 1 Renal Dysfu fiction 

Instruct patients to immediately report symptoms of decreased urine output, sudden weight 
gain, fluid relents on/edema, and/or shortness of breath. Such symptoms may suggest kidney 
dam iv< f m < i ! >>s -"<>?<,• - , ) 

17.2 Aseptic Meningitis Syndrome (AMS) 

Instruct patients to immediately report signs and symptoms of AMS, These symptoms 
include severe headache, neck stiffness, drowsiness, fever, sensitivity to light, painful eye 
movements, nausea, and vomiting (see Warnings and Precautions [5.2]). 

17.3 Hemolysis 

Instruct patients to immediately report signs and symptoms of hemolysis. These symptoms 
include fatigue, increased heart rate, yellowing of the skin or eyes, and dark-colored urine (see 
Warnings nrnJ Prcvonfions [53]}. 

17.4 Transfusion-Related Acute Lung Injury (TRALI) 

Instruct patients to immediately report signs and symptoms of TRALI, which is 
characterized by severe respiratory distress, pulmonary edema, hypoxemia, normal left 
ventricular function, and fever. TRALI typically occurs within 1 to 6 hours following 

U UlsillMliH { i i' :i t ;."/;;,'?.:^ /',-v : , ,0 } 

17.5 Transmissible Infectious Agents 

Inform patients that Privigen is made from human plasma (part of the blood) and may 
contain infectious agents that can cause disease (e.g., viruses, and, theoretically, the CJD agent). 
Explain that the risk that Privigen" may transmit an infectious agent has been reduced by 
screening the plasma donors, by testing the donated plasma for certain virus infections, and by 
inactivating and/or removing certain viruses during manufacturing f >t t 
Pna auiion ■ [5.6]), 

17.6 Live Virus Vaccines 

Inform patients that administration of IgG may transiently impair the effectiveness of live 
vims vaccines (e.g., measles, mumps, and rubella) and to notify their immunizing physician of 
recent theiapv win 5 i M ci u ■ v< > 
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WITH the discovery of agammaglobulinemia in 
1952,' a. pressing need emerged for antibody- 
replacement therapy to prevent serious bacterial in- 
fections. Intramuscularly administered immune se- 
rum globulin resulted in a remarkable decrease in 
the incidence of such infections in patients with this 
type of immunodeficiency; however, the injections 
were painful, and. the IgG was absorbed slowly and 
was subject to local proteolysis. Intravenous adminis- 
tration of immune serum globulin resulted in shock- 
like episodes, chills, and hyperpyrexia, especially in 
sick and acutely infected children. Beginning in the 
early 1960s, many attempts were made to modify im- 
mune serum globulin so that it could be given safely 
intravenously. 2 Intravenous injections were less pain- 
ful to receive than intramuscular injections, much 
larger doses could be given, and high serum levels of 
antibody could.be achieved immediately. A number of 
preparations were used in Europe in the 1960s and 
1970s. 3 ;* However, immune serum, globulin for intra- 
muscular use remained the sole form" of replacement 
therapy in the United States until 1981, when one 
forrti for intravenous use became available. 5 Six intra- 
venous preparations of immune globulin, have now 
been approved by the Food and Drug Administration 
and are.available in the United States (Table 1), and 
nearly three dozen more are under investigation or 
marketed abroad. 6 " 8 

Preparations of Intravenous Immune 
Globulin 

Nearly all preparations are isolated initially from 
normal plasma by the Cohn alcohol fractionation 
method 910 or a modification of it." In this process, 
serum proteins are separated in the cold by a sequence 
or precipitations with ethanol at low ionic strength 
and pH. Although IgG constitutes 95 to 99 percent of 

From the ^Departments of Pediatrics and Microbiology and Immunology. Duke 
University Med>cal Center. Durham. NC 277 10. where reprint requests should be 
addressed 10 Dr. Buckley at Box 2898. ' 



the t protein in Cohn Fraction 11, varying but small 
quantities of IgA, IgM, IgD, IgE, and other proteins 
are also present. The IgG in Cohn Fraction II tends to 
aggregate, which was thought to explain the adverse 
reactions that occurred when immune serum globulin 
was administered intravenously. Several different pro- 
cedures have been developed to counter the tendency 
of these preparations to aggregate. Cleavage with pep- 
sin prevents IgG aggregation but results in fragments 
with a very short half-life and decreased function. 
However, treatment of Cohn Fraction II at low pH 
with a trace of pepsin or with immobilized pepsinogen 
results in fully functional, well-tolerated preparations 
of intravenous immune globulin. The first intravenous 
immune globulin marketed in the United States was 
prepared by modifying the Fc portion of the molecule 
by reduction and alkylation, but such treatment al- 
tered the Fc function of the IgG, as did sulfonation 
and treatment with propiolactone/ This preparation 
was replaced in 1987 with one prepared by treatment 
at pH 4.25, which resulted in fully functional intact 
IgG molecules that are well tolerated. Polyethylene 
glycol and DEAE-Sephadex or ethanol at low ionic 
strength have also been used successfully to remove 
aggregates without altering IgG Fc function. Addi- 
tional stabilizing agents, such as various sugars, ami- 
no acids (glycine), and albumin, are added to prevent 
reaggregation and to protect the IgG molecule during 
lyophilization. .-. 

In 1982 a committee of the World Health- Organiza- 
tion 12 established the following criteria for the produc- 
tion of intravenous immune globulin: each lot should 
be derived: from plasma pooled from- at- least' 1000 
donors; it should be free of prekallikrein activator, 
kinins, plasmin, and preservatives;' ir should contain 
at least. 90 percent intact IgG, with, the. .subclasses 
present in normal ratiosyand .be as.frec, as possible of 
aggregates; its IgG: miilecules should maintain all of 
their biologic activity, such as the ability to fix com- 
plement; and the preparations should be free of infec- 
tious agents and "other potentially harmful contami- 
nants." In practice, all plasma is screened Tor hepatitis 
B surface antigen, human immunodeficiency virus 
(HIV), and elevated levels of alanine aminotrans- 
ferase and soon will be screened for aatibodies to hep- 
atitis C and hepatitis B core antigen.' All commercial 
lots are produced from plasma pooled from 3000 to 
6000 donors and therefore contain a broad spectrum 
of antibodies. Each pool must contain adequate levels 
of antibody to antigens in various vaccines, such as 
tetanus and measles. However, there is no standard- 
ization based on titers of antibodies to more clinically 
relevant organisms, such as Streptococcus pneumoniae or 
Haemophilus influenzae. Although there is some vari- 
ation in antibody titers between preparations from the 
various manufacturers, 13 " as well as from lot to lot 
with each preparation; there is no evidence that there 
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are consistent differences in. antibody titers between 
the preparations. Many assays of antibody potency do 
not correlate with biologic activity 14 ; therefore, stand- 
ardization of methods will be necessary before.it will 
be: possible; to make valid comparisons of antibody 
titers in; various preparations of intravenous immune 
globulin'. ■■>. ;.• : 

Not surprisingly, preparations of immune globulin 
containing-high titers of specific antibody have proved 
to be more effective than standard preparations for the 
prevention of. infection with, agents such as group 
B: streptococci 13 andxytomegalovirus. 1 ' 1 Eventually, 
preparations containing high titers of antibodies to 
specific, organisms ' will' be available,, but the logistic 
problems in. producing, these are. enormous: Removal 
of HIV-positive plasma from the pool has already 
eliminated a donor population with high titers of anti- 
bodies to many infectious agents, including cytomeg- 
alovirus; herpes simplex virus, and pneumococci. 
Intensive research is being devoted to the develop- 
ment of. pools of monoclonal antibodies derived 
from human hybridomas that can be used alone or in 
combination to prevent or treat specific. infections. 
One such human monoclonal antibody against endo- 
toxin has already been shown to be safe and effective 
in a randomized, double-blind trial in patients with 
sepsis. 16 

The characteristics of the six preparations of in- 
travenous immune globulin approved for use in the 
United States are summarized in Table I. A seventh 
preparation, marketed by the American Red Cross, 
is prepared by Baxter Hyland Therapeutics with plas- 
ma from Red Cross .volunteer donors and is function- 
ally identical to Gammagard (Baxter Hyland). The 
properties of several of. these preparations have 



been reviewed. 3,4,,! ' , ' ,,8 " i,> A 
efJectivc in most patients v 
ciency. . 

Clinical Use in Immunodeficiency 



Primary Immunodeficiency , . 

Immune globulin replacement therapy should al- 
ways be undertaken, with the realization; that the goal 
is to provide IgG antibodies — not a certain number 
of milligrams of IgG — to those who lack them. Thus, 
the only clear indication for replacement therapy, with 
immune globulin is severe impairment in antibody- 
forming capacity. 21 Such defects are fdund'in primary 
immunodeficiency diseases characterized by low or 
undetectable quantities of alL five scrum immunoglob- 
ulin classes, such as X-linked agammaglobulinemia, 
common variable immunodeficiency, and severe com- 
bined immunodeficiency, as well as X-linked immu- 
nodeficiency with hyperimmunoglobulinemia M. In 
addition, antibody therapy is indicated for patients 
with normal or near-normal immunoglobulin levels 
who have a marked impairment in their ability to pro- 
duce specific antibodies after immunization. The lat- 
ter include boys with the Wiskott-Aldrich syndrome, 
who arc unable to produce antibodies to polysaccha- 
ride antigens and have blunted anamnestic responses 
to protein antigens, and patients with ataxia telangiec- 
tasia,'" but may also include patients who have neither 
of these syndromes. 2 *' 23 

In contrast, most children with transient hypogam- 
maglobulinemia of infancy make normal amounts of 
specific antibodies in response to immunization, de- 
spite low serum concentrations of all or .some im- 
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munoglobulins during the nrstfew 1 months or years of 
life. 24 The administration of exogenous antibody could 
inhibit endogenous antibody formation in. these pa- 
tients. It is important to evaluate each patient's ability 
to make specific antibodies to protein and polysaccha- 
ride antigens, but it must be kept in mind that titers of 
antipolysaccharide antibodies are normally low until 
after two years of age The use of intravenous immune 
globulin should be reserved for patients with serious 
defects of antibody formation, rather than low immu- 
noglobulin concentrations. 

The incidence of sinopulmonary and other in- 
fections may be increased in patients with deficien- 
cies of an IgG subclass. 55 " 29 Concern was height- 
ened when antibodies to carbohydrate antigens were 
found to be predominantly in the IgG2 subclass. 30 
However, IgGl anticarbohydrate antibody responses 
may occur in patients with IgG2 deficiency, 29,30 and 
some healthy children have deficiencies of IgG2. 3 ' 
Indeed, deletions of a number of immunoglobulin 
heavy-chain genes have been reported in humans. 53 
Fifteen of the 1 6 cases of multigene deletions were in 
healthy people, even though those affected lacked sev- 
eral immunoglobulin subclasses and even one class. 
The so-called normal concentrations of IgG sub- 
classes vary greatly from laboratory to laboratory, 
and many apparent subclass deficiencies are laborato- 
ry artifacts. It is essential to point out again that 
it is the presence of impaired antibody responses, 
not a deficiency of ah IgG subclass protein, that 
is associated with an increased incidence < of infec- 
tion and a beneficial response to intravenous immune 
globulin. 23 Thus, the only clear indication for replace- 
ment therapy with intravenous immune globulin in 
patients with selective IgG subclass deficiency is a 
demonstrated deficiency in the ability to form anti- 
bodies against a variety of polysaccharide and protein 
antigens. 

, Secondary. Immunodeficiencies 

Abnormalities of serum immunoglobulin levels or 
of antibody formation may develop as a result of a 
variety of other diseases or trauma. 33 Antibody defi- 
ciency may occur in previously normal persons who 
have hematologic cancers 3 * or who receive immuno- 
suppressive agents" for the treatment of cancer or in 
anticipation of bone marrow transplantation. The effi- 
cacy of intravenous immune globulin in patients with 
chronic lymphocytic leukemia 36 was demonstrated in 
a large multicenter, placebo-controlled study. 37 The 
use of intravenous immune globulin after bone mar- 
row transplantation reduced the incidence and sever- 
ity of interstitial pneumonia related to cytomegalovi- 
rus, sepsis, and graft-versus-host disease. 38 Serum IgG 
concentrations may be quite low in protein-losing 
states, such as the nephrotic syndrome, intestinal lym- 
phangiectasia, protein-losing enteropathy, burns, or 
after repeated plasmapheresis. In most patients with 
such disorders, IgG antibody formation is normal; 
thus, there is little evidence that intravenous immune 



globulin would be beneficial unless there is an ongoing 
active infection. Even then, the infused- intravenous 
immune globulin, would be lost by the same route as 
the native IgG molecules. Patients with HIV infec- 
tion, particularly infants, may have profound defects 
in their ability to form specific antibodies, despite the 
fact that their serum immunoglobulin levels are usual- 
ly elevated. 39 In small trials in such patients intrave- 
nous immune globulin reduced the incidence of pyo- 
genic infections and prolonged survival, 40 reduced 
serum lactate dehydrogenase levels,' 41 and reduced the 
levels of suppressor T cells, 42 even though it did not 
alter the ultimate mortality rate. In a recent multi- 
center, randomized, double-blind, placebo (albumin)- 
controlled trial, described in this issue of the Journal, in 
372 HIV-infected children without hemophilia who 
were less than 13 years of age, intravenous immune 
globulin, in a dose of 400 mg per kilogram of body 
weight per month, was effective in prolonging infec- 
tion-free time in immunologically impaired or clinical- 
ly symptomatic children with CD4 cell counts of 
0.2X 10 9 per liter or above. 43 

Contraindications 

IgA deficiency is the most common of the well-de- 
fined' primary immunodeficiency disorders, 51 ' 44 and 
many patients have chronic or recurrent infections of 
the mucous membranes. 21 Some patients with selec- 
tive IgA deficiency arid IgG subclass deficiencies- have 
impaired antibody responses to carbohydrates-anti- 
gens. 29 However, most patients with selective IgA defi- 
ciency produce normal quantities of IgG antibodies of 
all types. Secretory IgA in normal persons is produced 
in lymphoid tissue located near the gut and respirato- 
ry tract and is not transported from the intravascular 
compartment for external secretion. Even if products 
containing IgA could be given safely-, they would not 
effect replacement of thatimmunoglobulin at mucous- 
membrane surfaces, since radiolabeled IgA given in- 
travenously to normal subjects could not be detected 
in saliva or breast milk. 45 

Approximately 40 percent of patients with selective 
IgA deficiency produce antibodies to IgA, 49 and these 
antibodies have been implicated as the cause of ana- 
phylactic transfusion reactions in some patients-. 46 " 48 
Similarly, serum IgA is often undetectable in patients 
with common variable immunodeficiency, and anti- 
IgA antibodies have been detected in a number of 
such patients. 4 '' 50 Thus, therapy with intravenous im- 
mune globulin is not indicated in-patients with selec- 
tive IgA deficiency, and caution should be exercised 
during its administration to patients with common 
variable immunodeficiency, particularly those with no 
detectable IgA. 

Metabolism 
Radiolabeled IgG is eliminated according to multi- 
compartmental first-order kinetics 49,51 ; that is, the 
elimination is dependent on the serum concentration. 
This has been substantiated in studies in which large 
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quantities of: IgGJWere. infused into patients : with' im- 
munodeficiency. 52 " 59 Approximately half the IgG is re- 
distributed to the extravascular compartment during 
the first three to five days after intravenous infusion. 51 
Thehalf-lifeof IgG is '18 to23 days ire normal persons, 
butthis varies among the subclasses. IgG 1, IgG2, arid 
IgG4 all ! have half-lives close to that range, but IgG3 is 
eliminated more rapidly, with a half-life in normal 
persons of 7.5 to 9 days. 51,55 

The half-life of IgG is highly variable among pa- 
tients with hypogammaglobulinemia, but is usually 
longer than in normal persons and can exceed 70 
days."' 56 With prolonged therapy with intravenous 
immune globulin, the half-life may become longer as a 
result of a decrease in'theextent of infection, 5 ' because 
less antibody is lost by binding to infectious agents in 
the patient. 

Dosage 

Until the 1980s, the recommended dose of intra- 
muscular immune serum globulin for the treatment 
of severe primary- humoral -immunodeficiency was 
100 mg per kilogram each month, after a loading dose 
that was two to three times that amount. The doses 
were' selected empirically 5 *' 61 but were determined 
in' part' by the maximal volume that could be deliv- 
ered intramuscularly. The mean trough, serum. IgG 
concentration in patients with' agammaglobulinemia 
four weeks after the administration of 100 mg of im- 
mune serum globulin-. per. kilogram was usually less 
than 100 mg pcWdeciliter and not more than 1 150 mg 
pcridec'ilitcr. 65 . :.• • •» :i :. ::l 

=■ Theoptimal dose 6F. IgG. for antibody replacement 
in. patients with : primary disorders of humoral im- 
munity, has not been. studied prospectively. The. only 
prospective clinical' trial;comparing intramuscular im- 
mune serum globulin with intravenous immune glob- 
ulin did not show, a'tdifierence four weeks after treat- 
ment in: trough'serum! IgG concentrations when both 
were administered in. doses > of-flOO mgrper. kilogram 
each month. 5 A study cbmparing:the:clihical. effects 
of monthly doscs r of.'.iOOmg peri kilogram and 400 
mg per kilogram, of.'av reduced and alkylated prep- 
aration of intravenous j immune globulin found no 
difference in' the:. number of : days of illness or in 
the need for antibiotics, although the patients sub- 
jectively felt better when given the higher dose'. 63 
In patients given a dose of 100 mg per kilogram 
each month, however, the titers of specific antibodies 
were often undetectable days to weeks before the next 
infusion, indicating a risk of serious infection. 52 
Several other prospective studies compared the effects 
in patients receiving doses of 100 or 250 mg per 
kilogram, 64 150 or 500 mg per kilogram, 65 or 200 or 600 
mg per kilogram 65 ' 68 ; all reported, improvement in 
symptom scores at the higher doses. In addition, the 
recipients of the higher doses- had much higher 
trough serum IgG concentrations and specific: anti- 
body titers. Although none of these studies were 
blinded, the overall consensus is that monthly doses 



of 300 to 400 mg per kilogram are superior to lower 
doses for most patients. 

Because of differences in the half-life of IgG in indi- 
vidual patients, 52 • 56 • 62 • 69 serum IgG should be : meas- 
ured before each infusion, and the dose of intrave- 
nous immune globulin adjusted accordingly. Trough 
serum IgG concentrations four weeks after treatment 
should be maintained at 400 to 500 mg per deciliter, 
a value close to the lower limit of normal. When 
ongoing infection results in a more rapid rate of 
catabolism of antibodies to the particular infectious 
agent, higher doses must be given at more frequent 
intervals. The best examples of this are acute bacterial 
infections in patients with any type of antibody defi- 
ciency and persistent enterovirus' infections of the 
central nervous system in patients with X-linked 
agammaglobulinemia. 70 In the latter patients, very 
high doses of intravenous immune globulin arc need- 
ed, and intrathecal administration of immune globu- 
lin through an Ommaya reservoir has proved benefi- 
cial." 

Infusions are usually givehevery four weeks, but the 
interval should be adjusted, depending oh the trough 
serum IgG concentration and the patient's clinical 
condition. Longer intervals may be possible if higher 
doses are given 65 ; conversely, more-frequent infusions 
are required in patients with' rapid catabolism of IgG 
or ongoing- infection. : ' ■>'• v 

Administration 
The recommended rates of: infusion of intravenous 
immunoglobulin were detcrmined'cmpiricallyin early 
studies using reduced and alkylated IgG without add- 
ed sugar: 5 Such preparations led to rate-related ad- 
verse-reactions in nearly 50 percent of the patients. 
Even though the hewer preparations are tolerated 
much better, manufacturers have continued to recom- 
mend the rates used' in the initial studies. These rates 
are 0.01- to 0.02 ml per kilogram, per minute initially, 
with increases of up:to 0:1 ml-per kilogram:per:min- 
utc. This results in a; maximal rate of approximately 
5 mg per kilogram per minute. However, higher rates 
can be tolerated by some patients with immunodefi- 
ciency diseases. In a recent study, patients were in- 
fused with 6 to 12 percent IgG at rates of up to 30 mg 
per kilogram per minute. 72 Thirteen of the 16 patients 
completed the study, and no serious adverse reactions 
occurred. Many patients received their infusions in 
less than 20 minutes, which greatly reduced the incon- 
venience of therapy. The patients were selected for 
this study because they had not had any adverse reac- 
tions at the standard rates of infusion; therefore, cau- 
tion. must be exercised in attempting to increase the 
infusion rate in any individual patient, especially early 
in therapy, when the risk of adverse reactions is high- 
est. Further studies using other preparations of intra- 
venous immune globulin are needed to establish new 
guidelines for infusion rates in patients with immuno- 
deficiency diseases. Home administration has been 
used by some to reduce the inconvenience of this thcr- 
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apy. 73,74 Although few adverse reactions iwere^ noted in 
the carefully selected patients, who were treated at 
home, serious'.reactions;'may occur, and in:Our-.opin- 
ion, the risks outweigh the- small' benefits, for most pa- 

Costs of Therapy 
The cost of therapy with intravenous immune glob- 
ulin is high, The average wholesale prices of the differ- 
ent preparations available in the United States range 
from $35 to $65 per, gram- The prices paid by consum- 
ers may be roughly twice these amounts. In an infor- 
mal survey we found that the charges ranged from 
$125 to $250 per infusion. Thus, the annual costs of 
administering intravenous immune globulin at a dose 
of 400 mg per kilogram per month to a 10-kg infant 
range from $3,180 to $4,620 wholesale and $4,860 to 
$8,220 retail; annual costs for a 70-kg adult would be 
$13,260 to $23,340 wholesale and $25,020 to $45,180 
retail. . ■ -, : . 

Adverse Reactions 
Nonanaphylactic Reactions 

Nonanaphy lactic reactions ; are ■■ the most common 
type of reaction to intravenous immune globulin. 5 " 5 - 75 

/They are characterized by. back or abdominal- pain, 
nausea, and often vomiting,, within the first 30 minutes 
of the infusion. Usually there is no dyspnea, hypoten- 
sion, or other change in vital signs. Chills, fever, head- 
ache, myalgia, and fatigue may begin at the end of the 
infusion and continue for several hours. 5 : 75 ' 7 ® Most of 
these reactions, can be prevented by slowing; the initial 
rate ofi iijfusion or, by pretreatmentwith aspirin. Inter- 
rupting the infusion for a. few ; rninutes will often allow 
this type of reaction to subside, and when the infusion 
is resumed, the rate. can usually be increased .without 
much difficulty. More severe reactions of this type 
may require pretreatmcnt : with corticosteroids. 77 - 78 
Thesereactions may be.causedby the binding of the 

-infused antibodies to .-the antigens of infectious agents 
in the patient. The frequency: and severity of this type 
of reaction diminish; after. acute onchrohic bacterial 
infections,, particularly of the-.lungsj have been con- 
trolled with antibiotic therapy and regular adminis- 
tration of adequate doses of intravenous immune 
globulin. 

Anaphylactic Reactions 

True anaphylactic reactions to intravenous immune 
globulin are rare. Such reactions have been noted in 
patients with selective IgA deficiency or common vari- 
able immunodeficiency who had antibodies to IgA 
after treatment with immune serum globulin or intra- 
venous immune globulin. 46 -"'* 9,50 The symptoms were 
those of classic IgE-mediated anaphylactic reactions: 
flushing, facial swelling, dyspnea, cyanosis,, anxiety, 
nausea, vomiting, malaise, hypotension, loss of .con- 
sciousness, and in some cases, death. They appeared 
seconds to minutes to several hours after the infusion. 
We evaluated two patients with- common variable im- 



munodeficiencyqwho.-had anaphylactic reactions, and 
found i that! both had high: titers of IgE. and IgG 
antibodies to IgA, despite very low total serum- IgE 
and IgG concentrations. 50 However, these increases in 
the . titers of IgE antibodies .to : IgA-. correlated 'more 
closely with clinical reactions to intravenous immune 
globulin than, did; increases ..in .. the .concentration-of 
IgG antibodies! to IgA. The treatment of such [reac- 
tions is immediate discontinuation of intravenous im- 
mune globulin and administration of epinephrine, 
oxygen, antihistamines, and intravenous steroids. 
Gammagard, which contains very low concentrations 
of IgA, l7>i " has been well tolerated by several of these 
patients. However, each lot of every brand of immune 
globulin, even. Gammagard, must be-screened to- en- 
sure that it contains less than 1 .5 /ig of IgA per millili- 
ter, and all infusions should be given under carefully 
controlled circumstances. 

Transmission of Infectious Agents 

Transmission of viral agents; particularly hepatitis 
B, by intramuscular immune serum globulin was oc- 
casionally reported before the institution, of donor 
screening. 79 Fortunately, the cold-ethanol fractiona- 
tion process substantially reduces the amount of hepa- 
titis B virus present in plasma products. 80 It: is.: also 
fortuitous that ethanol inactivates HIV type 1 (HIV- 
1) since, in the early 1980s, intravenous immune glob- 
ulin was prepared unintentionally, from the plasma of 
HIV-infected donors and the recipients had traiisient- 
ly positive testsfor antibodies to. HIV. However, there 
have been no reports of transmission of. HIV infec- 
tion by intravenous immune globulin: Experiments in 
which HIV- 1 was, added to plasma before Cohn, frac- 
tionation demonstrated: that the procedure, reduced 
the level of.HIVrl. t6-10~ is of the: initial dose. 8 .- : 

Hepatitis C has, been reported in a , total, of 1 ft pa- 
tients receiving investigational preparations ofiintra- 
vcribus immunoglobulin in .the: .United. States 8 ?; and 
England 85 and in some patients receiving commercial- 
ly available : preparations - in Scotland 84 and Swe- 
den. 8 ?'? 6 The ability;, to screen: for. hepatitis C should 
help avoid this problem in the future. A retrospective 
survey of serum aminotransferase levels in large num- 
bers of patients treated with: intravenous immune 
globulin prepared at pH 4.2 (Gamimune N) in the 
United States did not reveal any evidence of hepa- 
titis in these patients 87 nor did a; similar survey in 
Australia. 88 In our -16 years of experience with the 
administration of multiple lots of six types of intrave- 
nous immune globulin in more than 75 patients with 
immunodeficiency who were treated monthly, no pa- 
tient, has had a substantial increase in serum amino- 
transferase values. 

Viruses in plasma fractions can be inactivated ,by 
propiolactone, polysorbate 80 (Tween 80) and ether, 8 ? 
tributyl. phosphate and cholate, 90 - or polyethylene gly- 
col at low ionic strength. 91 Even prolonged incubation 
at room temperature greatly reduces the risk of infec- 
tivity. It is likely that the next generation of prepara- 
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ion ot intra enoi s in-sure crJbuiJiii wiH trtludr a 
vir3i-iriartivdtidfi"sr<-p"Dntii l hen, potential transmis- 
sion of some viral agents imust be considered a small 
but definite risk when ..a, decision is, made, to institute 
therapy.??..- ... ... 

Potential Risks in Persons Capable of Antibody Production 
Although bothriritramuscular:irnmune:serum globu- 
lin and intravenous immune globulin "have seemingly 
proved quite safe "wHeri administered" to large numbers 
of both normal persons and persons with immunodefi- 
ciency diseases, die feet that , intravenous immune 
globulin, has known immuhqmoduiatihg properties" 
should be keptin mind when one is considering its use 
in persons without' antibody deficiency. Passively ad- 
ministered antibodies are potent antigen-specific.im- 
mundsuppressive Agents, as attested 1 by the high 
degree of efficacy of Rh 0 (D) immune globulin (Rho- 
GAM) in.- preventing sensitization of Rh-negative 
women to the Rh D ntigeh on the rrd tells uf tht.ii 
Rh-positive fetuses. Recent studies in; patients 'with 
systemic vasculitis* demonstrated "a- -51 ■percent-* de- 
crease, 'in;'antineutrophil cytoplasm 
high-dose therapy with intravenous immune globulin, 
and this decrease was maintained during follow-up.** 
Although there are no controlled clinical studies of the 
suppression of immune responses to other antigens by 
passively administered antibody, there is no reason to 
believe that antibodies.to-the,Rh D and neutrophil 
cytoplasm antigens are unique in this regard'. There is 
also clear 'evidence from animal and in vitro' studies 
that. intravenous ; immune globulin can suppress -anti-! 
body formation, 9 '" 97 T-cell proliferation,® 8 and the ac- 
tivity of •natural kille'rIcells'.'P' In addition tp''th : e. mask'-' 
ing of- antigens; intravenous immune -globulin has 
many potential mechanisms for suppressing, the . im- 
mune .response- Trfese include interaction with.Fc re- 
ceptors on the-.mernbranes of; various :cdlsiof the - im- 
mune s>sieri and the 'combination of anti : diot\ ps>„ 
antibodies with either antibody-producing^cells-or se- 
creted antibodies, 94 ,w -Anti:diot> pic-antibodies' m in- 
travenous l-rn.u >e glrb. lin Could theoretically irnpai 
the capacity,! of « B , cellsi.frorm even :immune hosts to 
secrete _ antibody: Finally, blockade'of the Fc receptor 
by High doses' of intravenous immune globulin (as in 
the treatment. of : idiopathic thrombocytopenic purpu- 1 
ra 100 ) or by the. formation of immune complexes of 
intravenous immune globulin with antigens could, also, 
impair the normal clearance of opsonized' infectious 
agents and lead to overwhelming infection. Thus, 
there are many. reasons not to administer intravenous 
immune globulin unless there is a demonstrated broad 
antibody-deficiency state or other accepted clinical, in- 
dications. ■■ ../-. :-.. 

Conclusions 
The development of safe and effective intravenous 
preparations of immune globulin represents a . major 
advance in the treatment of patients with severe anti- 
body deficiencies, although such therapy is expensive. 



Brtu.j antibody dctu ie'nC} ,houlri be carefully dpcu= 
merited before therapy is initiated J The rationale for 
the -use- of these preparations is 1 to provide missing 
antibodies, .not'. to raise the sei,uiri..IgU .concentration" 
In general, the preparations currently available in the 
United States have similar antibody titers and" are 
equally effective arid safe. The one^exception is.that 
Gammagardihas very low levels of'IgA,' and carefully 
screened lots of it can We. used safely in patients who 
have antibodies to IgA. There has been no document- 
ed transmission of HIV infection or hepatitis by any 
of these preparations. 
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FULL PRESCRIBING INFORMATION 



1 INDICATIONS AND USAGE 

Hizentra is an Immune Globulin Subcutaneous (Human) (IGSC), 20% Liquid indicated as 
replacement therapy for primary humoral immunodeficiency (PI). This includes, but is not 
limited to, the humoral immune defect in congenital agammaglobulinemia, common variable 
immunodeficiency, X-linked agammaglobulinemia, Wiskott-Aldrich syndrome, and severe 
combined immunodeficiencies. 



2 DOSAGE AND ADM IM STRATSON 

For subcutaneous infusion only. Do not inject into a blood vessel. 

2.1 Preparation and Handling 

Hizentra is a clear and pale yellow to light brown solution. Do not use if the solution is cloudy 
or contains particulates. 

• Prior to administration, visually inspect each vial of Hizentra for particulate matter or 
discoloration, whenever the solution and container permit, 

• Do not freeze. Do not use any solution that has been frozen. 

• Check the product expiration date on the vial label, Do not use beyond the expiration 
date. 

• Do not mix Hizentra with other products. 

• Do not shake the Hizentra vial, 

• Use aseptic technique when preparing and administering Hizentra, 

• The Hizentra vial is for single-use only. Discard all used administration supplies and 
any unused product immediately after each infusion in accordance with, local 
requirements, 

2.2 Dosage 

The dose should be individualized based on the patient's clinical response to Hizentra therapy 
and serum immunoglobulin G (IgG) trough levels. 

Begin treatment with Hizentra one week after the patient's last Immune Globulin Intravenous 
(Human) (IGIV) infusion. Prior to switching treatment from KI1V to Hizentra, obtain the 
patient's serum IgG trough level to guide subsequent dose adjustments (see below under Dose 
Adjustrnern). 

Establish the initial weekly dose of Hizentra by converting the monthly IGIV dose into a weekly 
equivalent and increasing it using a dose adjustment factor. The goal is to achieve a systemic 
serum IgG exposure (area under the concentration-time curve [AUG]) not inferior to that of the 
previous IGIV treatment (sec Pharma <~>kiret ; cs [12.3]). 
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Initial Weekly Dose 

To calculate the initial weekly dose of Hizentra, multiply the previous IGIV dose in grams by the 
dose adjustment factor of 1.53; then divide this by the number of weeks between doses during 
the patient's IGIV treatment (i.e., 3 or 4). 

Initial Hizentra dose = 1 .53 x previous IGIV dose (in grams) 
Number of weeks between IGI V doses 

To convert the Hizentra dose (in grams) to milliliters (mL), multiply the calculated dose (in 
grams) by 5. 

Dose Adjustment 

Over time, the dose may need to be adjusted to achieve the desired clinical response and serum 
IgG trough level. To determine if a dose adjustment may be considered, measure the patient's 
serum IgG trough level 2 to 3 months after switching from IGIV to Hizentra. The target serum 
IgG trough level on weekly Hizentra treatment is projected to be 1.3 ± 0.2 times (i.e., between 
1.1 and 1.5 times) the last IGIV trough level (see I ' < kineti s [12 ?/). 

To adjust the dose based on trough levels, calculate the difference (in mg/dL) of the patient's 
serum IgG trough level from the target IgG trough level (1.3 times the last IGI V trough level). 
Then find this difference in Table 1 and the corresponding amount (in mL) by which to increase 
or decrease the weekly dose based on the patient's body weight. However, the patient's 
clinical response should be the primary consideration in dose adjustment. 
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Table 1: Adjustment (±mL) of the Weekly Hizentra Dose Based on the Difference (±mg/dL) 
From the Target Serum IgG Trough Level 
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For example, if a patient with a body weight of 70 kg has an actual IgG trough level of 900 
mg/dL and the target trough level is 1000 mg/dL, this results in a difference of 100 mg/dL. 
Therefore, increase the weekly dose of Hizentra by 7 mL. 

Monitor the patient's clinical response, and repeat the dose adjustment as needed. 

Dosage requirements for patients switching to Hizentra from another IGSC product have not 
been studied. If a patient on Hizentra does not maintain an adequate clinical response or a serum 
IgG trough level equivalent to that of the previous IGSC treatment, the physician may want to 
adjust the dose. For such patients. Table 1 also provides guidance for dose adjustment if their 
desired IGSC trough level is known. 

Measles Exposure 

If a patient is at risk of measles exposure (i.e., due to an outbreak in the US or travel to endemic 
areas outside of the US), the weekly Hizentra dose should be a minimum of 200 mg/kg body 
weight for two consecutive weeks. If a patient has been exposed to measles, ensure this 
minimum dose is administered as soon as possible after exposure. 
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2.3 Administration 

Hizentra is for subcutaneous infusion only. Do not Inject into a blood vessel. 

Hizentra is intended for weekly subcutaneous administration using an infusion pump. Infuse 
Hizentra in the abdomen, thigh, upper arm, and/or lateral hip. 

® Injection sites - A Hizentra dose may be infused into multiple injection sites. 
However, do not use more than 4 sites simultaneously. Injection sites should be at least 
2 inches apart. Change the actual site of injection with each weekly administration. 

® Volume - For the first infusion of Hizentra, do not exceed a volume of 15 ml, per 
injection site. The volume may be increased to 20 mL per site after the fourth infusion 
and to a maximum of 25 mL per site as tolerated. 

• Rate - For the first infusion of Hizentra, the maximum recommended flow rate is 15 
mL per hour per site. For subsequent infusions, the flow rate may be increased to a 
maximum of 25 mL per hour per site as tolerated. However, the maximum flow rate 
is not to exceed a total of 50 mL per hour for all sites combined at any time. 

Follow the steps below and use aseptic technique to administer Hizentra. 

1. Assemble supplies - Place the Hizentra vial(s), disposable supplies (not provided with 
Hizentra), and other items (infusion pump, patient's treatment diary /log book, sharps or 
other container) needed for the infusion on a clean, flat surface. 

2. Thoroughly wash and dry hands - The use of gloves when preparing and administering 
Hizentra is optional. 

3. Clean the vial stopper - Remove the protective cap from the vial to expose the central 
portion of the rubber stopper. Clean the stopper with an alcohol wipe and allow it to dry. 

4. Prepare and fill the syringe(s) - Using a sterile syringe and | ^ ■ .. 

needle, pull back on the plunger to draw air into the syringe that is - \ 

equal to the amount of Hizentra to be withdrawn. Then, insert the s *V 
needle into the center of the vial stopper and, to avoid foaming, / v \ \ 

inject the air into headspace of the vial (not into the liquid). ,■ - / 
Finally, withdraw the desired volume of Hizentra. When using ,1 * y 

multiple vials to achieve the desired dose, repeat this step. | _ >■- " 

5. Prepare the infusion pump and tubing -- Follow the manufacturer's instructions for 
preparing the pump, using subcutaneous administration sets and tubing, as needed. Be 
sure to prime the administration tubing to ensure that no air is left in the tubing. 



6. Select the injection site(s) - The number and location of 
injection sites depends on the volume of the total dose. Infuse 
Hizentra into a maximum of 4 sites simultaneously; each 
injection site should be at least 2 inches apart. 



7. Clean the injection site(s) - Using an antiseptic skin preparation, 
clean each site beginning at the center and working outward in a 
circular motion. Allow each site to dry before proceeding. 



8. Insert tSie needle - Grasp the skin between 
2 fingers and insert the needle into the subcutaneous tissue. 



9. Secure the needle to the skin - If necessary, use sterile gauze and 
tape or transparent dressing to hold the needle in place. 



10. Check for proper placement of the needle - Before starting the 
infusion, make sure no blood is flowing into the tubing. If blood is 
present, remove and discard the needle and administration tubing. 
Repeat the process from step 5 (priming) through step 10 
(checking for proper needle placement) using a new needle, new 
administration tubing, and a different injection site. 



. Infuse Mizentra - Follow the manufacturer's instructions to turn on the pump. 



12. Record the infusion - Remove the peel-off portion of the label from each vial used, and 
affix it to the patient's treatment diary/log book. 

After administration, immediate!} discard am unused product and ail used disposable supplies in 
accordance with local requirements. 




For self-administration, provide the patient with instructions and training for subcutaneous 
infusion in the home or other appropriate setting. 



3 DOSAGE FORMS AND STRENGTHS 

Hizentra is a 0.2 g/'mL (20%) protein solution for subcutaneous injection. 
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CONTRAINDICATIONS 



Hizentra is contraindicated in patients who have had an anaphylactic or severe systemic reaction 
to the administration of human immune globulin or to components of Hizentra, such as 
polysorbate 80. 

Hizentra is contraindicated in patients with hyperprolinemia because it contains the stabilizer L- 
proiine (see Description [11]), 

Hizentra is contraindicated in IgA-deficient patients with antibodies against IgA and a history of 
hypersensitivity (see ! s m [11]). 



5 WARNINGS AND PRECAUTIONS 

5.1 Hypersensitivity 

Severe hypersensitivity reactions may occur to human immune globulin or components of 
Hizentra, such as polysorbate 80, In case of hypersensitivity, discontinue the Hizentra infusion 
immediately and institute appropriate treatment. 

Individuals with IgA deficiency can develop anti-IgA antibodies and anaphylactic reactions 
(including anaphylaxis and shock) after administration of blood components containing IgA. 
Patients with known antibodies to IgA may have a greater risk of developing potentially severe 
hypersensitivity and anaphylactic reactions with administration of Hizentra. Hizentra contains 
<50 mcg/niL IgA (see Desi ription[UJ). 

5.2 Reactions Reported to Occur With IGIV Treatment 

The following reactions have been reported to occur with IGIV treatment and may occur with 
IGSC treatment. 

Renal Dysfunction/Failure 

Renal dysfunction/failure, osmotic nephropathy, and death may occur with, use of human 
immune globulin products. Ensure that patients are not volume depleted and assess renal 
function, including r . em it o! b x i ^ it u ■>! \ \ \ \ t i ^ n» i ! i t< he 
initial infusion of Hizentra and at appropriate intervals thereafter. 

Periodic monitoring of renal function and urine output is particularly important in patients 
u d to have a potential increased risk of developing acute renal failure. 1 If renal function 
deteriorates, consider discontinuing Hizentra. For patients judged to be at risk of developing 
renal dysfun it of pi isitn i i nsuSSi sen j | n scute renal 

failure (such as those with diabetes meilitus or hypovolemia, those who are overweight or use 
concomitant nephrotoxic medicinal products, or those who are over 65 years of age), administer 
Hizentra at the minimum rate practicable. 
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Thrombotic Events 

Thrombotic events may occur with use of human immune globulin products 2 " 4 . Patients at 
increased risk may include those with a history of atherosclerosis, multiple cardiovascular risk 
factors, advanced age, impaired cardiac output, hypercoagulabie disorders, prolonged periods of 
immobilization., and/or known or suspected hyperviscosity. Because of the potentially increased 
risk of thrombosis, consider baseline assessment of blood viscosity in patients at risk for 
hyperviscosity, including those with cryoglobulins, fasting chylomicronemia/markedty high 
triacylglycerols (triglycerides), or monoclonal gammopathies. For patients judged to be at risk 
of developing thrombotic events, administer Hizentra at the minimum rate practicable. 

Aseptic Meningitis Syndrome (AMS) 

AMS may occur with use of human immune globulin products.' The syndrome usually begins 
within several hours to 2 days following 1GIV treatment. AMS is characterized by signs and 
symptoms including severe headache, nuchal rigidity, drowsiness, fever, photophobia, painful 
eye movements, nausea, and vomiting. Cerebrospinal fluid (CSF) studies frequently show 
pleocytosis up to several thousand cells per cubic millimeter, predominantly from the 
granulocytic series, with elevated protein levels up to several hundred mg/dL. AMS may occur 
more frequently in association with high doses (2 g/'kg) and/or rapid infusion oflGIV. 

Conduct a thorough neurological examination, including CSF studies, to rule out other causes of 
meningitis in patients exhibiting signs and symptoms of AMS. Discontinuation of IGIV 
treatment has resulted in remission of AMS within several days without sequelae. 

Hemolysis 

Hizentra can contain blood group antibodies that may act as hemolysins and induce in vivo 
coating of red blood cells (RBCs) with immunoglobulin, causing a positive direct antiglobulin 
(Coombs') test result and hemolysis. 6 " 8 Delayed hemolytic anemia can develop subsequent to 
immune globulin therapy due to enhanced RBC sequestration, and acute hemolysis, consistent 
with intravascular hemolysis, has been reported, 1 ' 

Monitor recipients of Hizentra for clinical signs and symptoms of hemolysis. If these are present 
after a Hizentra infusion, perform appropriate confirmatory laboratory testing. If transfusion is 
indicated for patients who develop hemolysis with clinically compromising anemia after 
receiving Hizentra, perform adequate cross-matching to avoid exacerbating on-going hemolysis. 

Transfusion-Related Acute Lung Injury (TRALI) 

Noncardiogenic pulmonary edema may occur in patients administered human immune globulin 
products, 10 TRALI is characterized by severe respiratory distress, pulmonary edema, 
hypoxemia, normal left ventricular function, and fever. Typically, it occurs within 1 to 6 hours 
following transfusion. Patients with TRALI may be managed using oxygen therapy with 
adequate ventilatory support. 

Monitor Hizentra recipients for pulmonary adverse reactions. If TRALI is suspected, perform 
appropriate tests for the presence of ami -neutrophil antibodies in both the product and patient's 
serum, 



Page 8 of 26 



5.3 Transmissible Infections Agents 

Because Hizentra is made from human plasma, it may carry a risk of transmitting infectious 
agents (e.g., viruses, and theoretically, the Creutzfeldt- Jakob disease [CJD] agent). The risk of 
infectious agent transmission has been reduced by screening plasma donors for prior exposure to 
certain viruses, testing for the presence of certain current virus infections, and including virus 
inactivation/removal steps in the manufacturing process for Hizentra. 

Report all infections thought to be possibly transmitted by Hizentra to CSL Behring 
Pharmaeovigilance at 1-866-9 15-6958. 

5.4 Laboratory Tests 

Various passively transferred antibodies in immunoglobulin preparations may lead to 
misinterpretation of the resul ts of serological testin g. 



6 ADVERSE REACTIONS 

The most common adverse reactions (ARs), observed in >5% of study subjects receiving 
Hizentra, were local reactions (i.e., swelling, redness, heat, pain, and itching at the injection site), 
headache, vomiting, pain, and fatigue. 

6.1 Clinical Trials Experience 

Because clinical studies are conducted under widely varying conditions, AR rates observed in 
clinical studies of a product cannot be directly compared to rates in the clinical studies of another 
product and may not reflect the rates observed in clinical practice. 

The safety of Hizentra was evaluated in a clinical study for 15 months in subjects with PI who 
had been treated previously with IGIV every 3 or 4 weeks. The safety analyses included 49 
subjects in the intention-to-treat (ITT) population. The ITT population consisted of all subjects 
who received at least one dose of Hizentra (see Clinical Studies [14]). 

Subjects were treated with Hizentra at weekly doses ranging from 66 to 331 mg/kg body weight 
during the wash-in/wash-out period and from 72 to 379 mg/kg during the efficacy period. The 
49 subjects received a total of 2264 weekly infusions of Hizentra. 

No deaths or serious ARs occurred during the study. Two subjects withdrew from the study due 
to ARs. One subject experienced a severe injection-site reaction one day after the third weekly 
infusion, and the other subject experienced moderate myositis. Both reactions were judged to be 
"at least possibly related" to the administration of Hizentra. 

Table 2 summarizes the most frequent adverse events (AEs) (experienced by at least 4 subjects), 
irrespective of causality. Included are all AEs and those considered temporally associated with 
the Hizentra infusion, i.e., occurring during or within 72 hours after the end of an infusion. 
Local reactions were the most frequent AEs observed, with injection-site reactions (i.e., swelling, 
redness, heat, pain, and itching at the site of injection) comprising 98% of local reactions. 
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Table 2: Incidence of Subjects With Adverse Events (AEs)* (Experienced by 4 or More 
Subjects) and Rate per Infusion, Irrespective of Causality (ITT Population) 





AO AEs* 


AEs* Occurring During or 
Within 72 Hours of Infusion 




Number (%) 


Number (Rate 1 ) 


Number (%) 


Number (Rate 1 ) 




of Subjects 


of AEs 


of Subjects 


of AEs 


AE (>4 Subjects) 


(ii=49) 


(n-2264 


(n=49) 


(n=2264 






Infusions) 




Infusions) 


[■,>■.;■■;] s u 1 ■■ >si - 


49 (100) 


1340 KI.592) 


49 (100) 


i 322 ( 0 584) 


Other AEs: 










Headache 


13(26.5) 


40 (0.018) 


12 (24.5) 


32 (0.014) 


Cough 


8(16.3) 


9 (0.004) 


5 (10.2) 


6 (0.003) 


Diarrhea 


7 (14.3) 


8 (0.004) 


5 (10.2) 


6 (0.003) 


Fatigue 


6 (12 2) 


6 (0.003) 


4 (8.2) 


4 (0.002) 


Back pain 


5(10.2) 


1 ! (0.005) 


4 (8.2) 


5 (0.002) 


Nausea 


5(10.2) 


5 (0.002) 


4(8.2) 


4 (0.002) 


Abdominal pain, upper 


5 (10.2) 


5 (0.002) 


3 (6 1) 


3(0.001) 


Rash 


5 (10.2) 


7 (0.003) 


2 (4 1) 


3(0.001) 


Pain in extremity 


4 (8.2) 


7 (0.003) 


4 (8.2) 


6 (0.003) 


Migraine 


4 (8.2) 


5 (0.002) 


3 (6 1) 


4 (0.002) 


Pain 


4(8.2) 


5 (0.002) 


3 (6.1) 


4 (0.002) 


Epistaxis 


4(8.2) 


6 (0.003) 


2(4.1) 


3 (0.001) 


Pharyugoiaryngeal pain 


4(8.2) 


6 (0.003) 


2(4.1) 


2 (<0.001) 


Arthralgia 


«. (8 2) 


5 (0.002) 


2(4.1) 


3 (0.001) 



* Excluding infections, 
f K-ais of AHs per infusion. 

;i: includes injection-site reactions as well as bruising, scabbing, pain, irritation, cysts, eczema, and noduies at the injection site. 



The ratio of infusions with temporally associated AEs, including local reactions, to ail infusions 
was 1338 to 2264 (59.1%; upper 95% confidence limit of 62,4%), Excluding local reactions, the 
corresponding ratio was 173 to 2264 (7.6%; upper 95% confidence limit of 8.9%). 
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Table 3 summarizes the most frequent ARs (i.e., those AEs considered by the investigators to be 
"at least possibly related" to Hizentra administration) experienced by at least 2 subjects. 



Table 3: Incidence of Subjects With Adverse Reactions (Experienced by 2 or More 
Subjects) to Hizentra and Rate per Infusion (ITT Population) 



Adverse Reaction 


Number (%) of Subjects 


Number (Rate ) of 


(>2 Subjects) 




Adverse Reactions 






. it ; If > '. nhi^Um^) 




49 (100) 


1338 (0.591) 


Other ARs: 






Headache 


12 (24.5) 


36 (0.016) 


Vomiting 


.3(6,1) 


3 (0,001) 


Pain 


3 (6.1) 


4 (0,002.) 


Fatigue 


.3 (6,1) 


3 (0,00 i) 


Contusion 


2 (4,1) 


3 (0,00 i) 


Back pain 


2 (4,1) 


3 (0.001) 


Migraine 


2. (4,1) 


3 (0.001) 


Diarrhea 


2. (4,1) 


2 (<0.001) 


Abdominal pain, upper 


2(4.1) 


2 (O.001) 


Nausea 


2(4.1) 


2 (O.001) 


Rash 


2(4,1) 


2 «0.001) 


Arthralgia 


2(4-1) 


2 «0.001) 



* Rate of ARs per infusion. 

fill; Mule HI: a'! !( ,n- He iC'Vta >in a- aclt . Wis .a - aU':\a .a jt -1st :I - i'"l. \>:s i./'.nu. UH: nodule-- at tin: injection silo 



Table 4 summarizes injection-site reactions based on investigator assessments 15 to 45 minutes 
after the end of the 683 infusions administered during regularly scheduled vi sits ( every 4 weeks). 

Table 4: investigator Assessments* of Injection-Site Reactions by Infusion 



Injection-Site Reaction 



Eden Ki/induration 
Erythema 
Local heat 
Local pain 
Itching 



Number (Rafe ; ) of 

Reactions 
(n^683 Infusions'') 



467 (0.68) 
346 (0.50) 
108 (0.16) 
88 (0.13) 
64 (0.09) 



I 5 to 45 minutes ntier the end of infusions administered 
t For multiple injection sites, every site was judged, but 
X Rate of injection-site reactions per infusion, 
s Nil rune i of in In .1.11 n i i i i ^ > i i 1 - ; i i i 



uguk y s her iter i ; i t , weeks) 
the site with the strongest reaction was recorded. 



Most local reactions were either mild (93.4%) or moderate (6.3%) in intensity. 
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6.2 Postmarketing Experience 

Because postmarketing reporting of adverse reactions is voluntary and f < n oj 

uncertain size, it is not always possible to reliably estimate the frequency o f these reactions or 
( u/oiish a i ansa.' relation hip to prodiu i exposure 

The following adverse reactions have been identified and reported during the postmarketing use 
of IGIV products 11 : 

• Infusion reactions: Hypersensitivity (e.g., anaphylaxis), headache, diarrhea, 
tachycardia, fever, fatigue, dizziness, malaise, chills, flushing, urticaria or other skin 
reactions, wheezing or other chest discomfort, nausea, vomiting, rigors, back pain, 
myalgia, arthralgia, and changes in blood pressure 

• Renal: Acute renal dysfunction/failure, osmotic nephropathy 

• Respiratory: Apnea, Acute Respiratory Distress Syndrome (ARDS), TRALI, cyanosis, 
hypoxemia, pulmonary edema, dyspnea, bronchospasm 

• Cardiovascular: Cardiac arrest, thromboembolism, vascular collapse, hypotension 

• Neurological: Coma, loss of consciousness, seizures, tremor, aseptic meningitis 
syndrome 

• Integumentary: Stevens-Johnson syndrome, epidermolysis, erythema multiforme, 
dermatitis (e.g., bullous dermatitis) 

• Hematologic: Pancytopenia, leukopenia, hemolysis, positive direct antiglobulin 
(Coombs') test 

» Gastrointestinal: Hepatic dysfunction, abdominal pain 

• General/Body as a Whole: Pyrexia, rigors 

To report SUSPECTED ADVERSE REACTIONS, contact CSL Behring Pharmacovigilance at 
1-866-915-6958 or FDA at 1-800-FDA-1088 or www.fda.gov/medwatch. 

7 DRUG INTERACTIONS 
7,1 Live Virus Vaccines 

The passive transfer of antibodies with immunoglobulin administration may interfere with the 
response to live virus vaccines such as measles, mumps, rubella, and varicella {see Patient 
< 'ounselhig hrfonnation [I 71). 

12 Serological Testing 

Various passively transferred antibodies in immunoglobulin preparations may lead to 
misint erpretat ion of the results of serological testing. 
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8 



USE m SPECIFIC POPULATIONS 



8.1 Pregnancy 

Pregnancy Category C. Animal reproduction studies have not been conducted with Hizentra, It 
is not known whether Hizentra can cause fetal harm when administered to a pregnant woman or 
can affect reproduction capacity. Hizentra should be given to pregnant women only if clearly 
needed. 

8.3 Nursing Mothers 

Hizentra has not been evaluated in nursing mothers. 

8.4 Pediatric. Use 

Hizentra was evaluated in 10 pediatric subjects (3 children and 7 adolescents) with PL No 
pediatric-specific dose requirements were necessary to achieve the desired serum IgG levels. 

Hizentra was not evaluated in neonates or infants. 

8.5 Geriatric Use 

Of the 49 subjects evaluated in the clinical study of Hizentra, 6 subjects were 65 years of age or 
older. No overall differences in safety or efficacy were observed between these subjects and 
younger subjects. 



11 DESCRIPTION 

Hizentra, Immune Globulin Subcutaneous (Human), 20% Liquid, is a ready-to-use, sterile 20% 
(0.2 g/mL) protein liquid preparation of polyvalent hitman immunoglobulin G (IgG) for 
subcutaneous administration, Hizentra is manufactured from large pools of human plasma by a 
combination of cold alcohol fractionation, octanoic acid fractionation, and anion exchange 
chromatography. The IgG proteins are not subjected to heating or to chemical or enzymatic 
modification. The Fc and Fab functions of the IgG molecule are retained. Fab functions tested 
include antigen binding capacities, and Fc functions tested include complement activation and 
Fc-receptor-mediated leukocyte activation (determined with complexed IgG). 

Hizentra has a purity of >98% IgG and a pH of 4.6 to 5.2. Hizentra contains approximately 250 
(range: 210 to 290 mmol/L) L-proline (a nonessential amino acid) as a stabilizer, 10 to 30 mg/'L 
polysorbate 80, and trace amounts of sodium. Hizentra contains <50 mcg/mL IgA. Hizentra 
contains no carbohydrate stabilizers (e.g., sucrose, maltose) and no preservative. 

Plasma units used in the manufacture of Hizentra are tested using FDA-licensed serological 
assays for hepatitis B surface ami gen and antibodies to human immunodeficiency virus (HIV)~ 
1/2 and hepatitis C virus (HCV) as well as FDA-licensed Nucleic Acid Testing (NAT) for H1V-1 
and HCV. All plasma units have been found to be nonreactive (negative) in these tests. For 
hepatitis B vims (HBV), an investigational NAT procedure is used and the plasma units found to 
be negative; however, the significance of a negative result has not been established. In addition, 
the plasma has been tested for B19 virus (BI9V) DNA by NAT. Only plasma that passes vims 
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screening is used for production, and the limit for B19V in the fractionation pool is set not to 
exceed 1 0 4 IU of B19V DNA per mL. 

The manufacturing process for Hizentra includes three steps to reduce the risk of virus 
transmission. Two of these are dedicated virus clearance steps: pH 4 incubation to inactivate 
enveloped viruses and virus filtration to remove, by size exclusion, both enveloped and non- 
enveloped viruses as small as approximately 20 nanometers. In addition, a depth filtration step 
contributes to the vims reduction capacity. 12 

These steps have been independently validated in a series of in vitro experiments for their 
capacity to inactivate and/or remove both enveloped and non-enveloped viruses. Table 5 shows 
the virus clearance during the manufacturing process for Hizentra, expressed as the mean logio 
reduction factor (LRF). 



Table 5: Virus Inactivation/Removal in Hizentra* 





HIV-1 


PRV 


BVDV 


WNV 


EMCA 


MVM 


Virus Property 


Genome 


RT \ 


Dl \ 


RNA 


RNA 


RNA 


DNA 


Envelope 


Yes 


Yes 


Yes 


Yes 


No 


No 


Size (rim) 


80-100 


120-200 


50-70 


50-70 


25-30 


18-24 




Mean LRF 


pH 4 incubation 


>5.4 


>5.9 


4.6 


>7 K 


nt 


nt 


Depth filtration 




>6.3 


2.1 


3.0 




2.3 


Virus filtration 




>5.5 


>5.1 


>5.9 


>5.4 


>5.5 


Overall Reduction 


>16.0 


>17.7 


>H.8 


>16.7 


>9.6 


>7.8 


(f.o«i„ \ n\ts} 















HIV-1, human inimuncnieticiersev esw< type ! . a model for HIV-1 and HIV-2; PRV. pseudurubies vims, a nonspecific model for 
kir^e enveloped DNA vsnsses (e.g.. herpes virus); BVDV. bovine viral diarrhea vims, a model for hepatitis C virus; WNV, West 
Nile virus; EMCV, encephaiomyocarditis vims, a model for hepatitis A virus; MVM, minute virus of mice, a model for a small 
highly resistant mm-em doped DNA > iru.-t ie.g.. par\o> km. LRF. sag:;; reduction factor: nt. not tested, tia. not applicable. 
* The virus vie nance of human par, m a u H t 11 v is no client d c .porno ntdb .n tN. nil 1 a: u 'nation lop 1 ht e ! tunned LRF 
obtained was >5.3. 

The manufacturing process was also investigated for its capacity to decrease the infectivity of an 
experimental agent of transmissible spongiform encephalopathy (TSE), considered a model for 
CJD and its variant (vCJD).'" Several of the production steps have been shown to decrease 
infectivity of an experimental TSE model agent. TSE reduction steps include octanoic acid 
fractionation (>6.4 logio), depth filtration (2.6 logio), and virus filtration (>5.8 logio). These 
studies provide reasonable assurance that low levels ofvCJD/CJD agent infectivity, if present in 
the starting material, would be removed. 
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12 CLINICAL PHARMACOLOGY 



1 2.1 Mechanism of Action 

Hizentra supplies a broad spectrum of opsonizing and neutralizing IgG antibodies against a wide 
variety of bacterial and viral agents. The mechanism of action in PI has not been fully 
elucidated. 

12.3 Pharmacokinetics 

The pharmacokinetics (PK) of Hizentra was evaluated in a PK substudy of subjects with PI 
participating in the 15-month efficacy and safety study (sec K ^ ) \31 PK 

subjects were treated previously with Privigen*, Immune Globulin Intravenous (Human), 10% 
Liquid and were switched to weekly subcutaneous treatment with Hizentra. After a 3-month 
wash-in/wash-out period, doses were adjusted individually with the goal of providing a systemic 
serum IgG exposure (area under the IgCi semm concentration vs time curve; AUG) not inferior to 
that of the previous weekly-equivalent IGIV dose. Table 6 summarizes PK parameters for 
subjects in the substudy following treatment with Hizentra and IGIV, 



Table 6: Pharmacokinetics Parameters of Hizentra and IGIV 







iGTv*7PrivigeP) 


Number of subjects 


18 


18 


Dose* 

Mean 
Range 


228 mg/kg bw 
143-381 mg/kg bw 


1 52 mg/kg bw 
86-254 mg/kg bw 


IgG peak levels 
Mean 
Range 


1616 mg/dL 
1090-2825 mg/dL 


2564 mg/dL 
2046-3456 mg/dL 


IgG trough levels 
Mean 
Range 


1448 mg/dL 
952-2623 mg/dL 


1127 mg/dL 
702-1810 ng/dL 


AUC T 

Mean 
Range 


10560 day x mg/dL 

- i sr'n n x > > r 


10320 day x mg/dL 
-15530 day x mg/dL 



bw., body weight. 

* For K.HV' weekly -equivalent dose, 
t Standardized to a 7-day period. 



For the 19 subjects completing the wash-in/wash-out period, the average dose adjustment for 
Hizentra was 153% (range: 126% to 187%) of the previous weekly-equivalent IGIV dose. After 
12 weeks of treatment with Hizentra at this individually adjusted close, the final steady-state 
AUG determinations were made in 18 of the 19 subjects. The geometric mean ratio of the 
steady-state AUCs, standardized to a weekly treatment period, for Hizentra vs IGIV treatment 
was 1.002 (range: 0.77 to 1.20) with a 90% confidence limit of 0.951 to 1.055 for the 
18 subjects. 

The PK study included an additional assessment to determine the ratio of serum IgG trough 
levels with Hizentra (IGSC) compared to the previous trough levels with IGIV that were 
associated with matching AUCs. It was demonstrated that IgG trough levels during treatment 
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with Hizentra were 1 .3 times higher than the preceding trough levels during treatment with IG1V 
(Privigeh"). This calculated IGSCJGIV ratio of 1.3 (±3 5% of this value, or ±0.2) can be used to 
assess dosing with Hizentra by providing a steady-state target IgG trough level, which may be 
assumed to be within the range of 1.1 to 1.5 times the previous steady-state trough levels with 
IGIV. However, the patient's clinical response should be the primary consideration in dose 
I M no t i i . . 2J). 

With Hizentra, peak serum levels are lower (1616 vs 2564 mg/dL) than those achieved with 
IGIV while trough levels are generally higher (1448 vs 1127 mg/dL). In contrast to IGIV 
administered every 3 to 4 weeks, weekly subcutaneous administration results in relatively stable 
steady-state serum IgG levels. 13 ' ii1 After the subjects had reached steady-state with weekly 
administration of Hizentra, peak serum IgG levels were observed after a mean of 2.9 days 
(range: 0 to 7 days) in 18 subjects. 



13 NONCLINICAL TOXICOLOGY 

13,2 Animal Toxicology and/or Pharmacology 

Long- and short-term memory loss was seen in juvenile rats in a study modeling 
hyperprolinemia. In this study, rats received daily subcutaneous injections with L-proline from 
day 6 to day 28 of life. 13 The daily amounts of L-proline used in this study were more than 60 
times higher than the L-proline dose that would result from the administration of 400 mg kg 
body weight of Hizentra once weekly. In unpublished studies using the same animal model (i.e., 
rats) dosed with the same amount of L-proline with a dosing interval relevant to IGSC treatment 
(i.e., on 5 consecutive days on days 9 to 13, or once weekly on days 9, 16, and 23), no effects on 
learning and memory were observed. The clinical relevance of these studies is not known. 



14 CLINICAL STUDIES 

A prospective, open-label, multicenter, single-arm, clinical study conducted in the US evaluated 
the efficacy, tolerability, and safety of Hizentra in adult and pediatric subjects with PL Subjects 
previously receiving monthly treatment with IGIV were switched to weekly subcutaneous 
administration of Hizentra for 15 months (a 3-month wash-in/wash-out period followed by a 12- 
month efficacy period). The efficacy analyses included 38 subjects in the modified intention-to- 
treat (MITT) population. The MITT population consisted of subjects who completed the wash- 
in/wash-out period and received at least one infusion of Hizentra during the efficacy period. 

Although 5% of the administered doses could not be verified, the weekly doses of Hizentra 
ranged from 72 to 379 mg per kg body weight, which was 149% (range: 1 14% to 180%) of the 
previous IGIV dose. Subjects received a total of 2264 infusions of Hizentra. 
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In the study, the number of injection sites per infusion ranged from 1 to 12. In 73% of infusions; 
the number of injection sites was 4 or fewer. Up to 4 simultaneous injection sites were permitted 
using 2 pumps; however, more than 4 sites could be used consecutively during one infusion. The 
infusion flow rate did not exceed 50 mL per hour for all injection sites combined. During the 
efficacy period, the median duration of a weekly infusion ranged from 1.6 to 2.0 hours. 

The study evaluated the annual rate of serious bacterial infections (SBIs), defined as bacterial 
pneumonia, bacteremia/septicemia, osteomyelitis/septic arthritis, bacterial meningitis, and 
visceral abscess. The study also evaluated the annua! rate of any infections, the use of antibiotics 
for infection (prophylaxis or treatment), the days out of work/school/kindergarten/day care or 
unable to perform normal activities due to infections, and hospitalizations due to infections. 

Table 7 summarizes the efficacy results for subjects in the efficacy phase (MITT population) of 
the study. No subjects experienced an SBI in this study. 



Table 7: Summary of Efficacy Results (MITT Population) 



Number of subjects (efficacy phase) 


38 


Total number of subject days 


12,697 


Infections 
Annual rate of SBIs* 
Annual rate of any infections 


0 SBfs per subject year 1 ^ 
2.76 infections/ biibj, • - , 


Antibiotic );>.<_• tor infection teroptu Lxis or 
treatment) 

Number of subjects (%) 

Annual rale 


27(71.1) 
48.5 days/subject year 


Total number of subject days 


60 


Days out nf work I md m mi mi d v care or 
unable to perform normal activities due e<> infections 

Number of days (%) 

Annual rate 


71 (0,56) 
' 0t< do su -ijcti \ i 


Hospitalization* due to infection:-. 
Number of days (%) 
Annual rate 


7 (0.06) § 

U 2 J Vs ill K '■ V.Ji 



E) 1 ned . b , i I i H i ! i I i i v t i 

meningitis, and visceral abscess, 
i tipper 99% confidence limit: 00 32. 
I 95% confidence limits: 2.235; 3.370. 
§ Based on 1 subject. 



Page 17 of 26 



15 REFERENCES 



1. Cayco AV, Perazella MA, Hayslett JP. Renal insufficiency after intravenous immune 
globulin therapy: a report of two cases and an analysis of the literature, J Am Soc 
Nephrol 1997;8:1788-1793, 

2. Dalakas MC. High-dose intravenous immunoglobulin and serum viscosity: risk of 
precipitating thromboembolic events. Neurology 1994;44:223-226, 

3. Woodruff RK, Grigg AP, Firkin FC, Smith IL. Fatal thrombotic events during 
treatment of autoimmune thrombocytopenia with intravenous immunoglobulin in 
elderly patients. Lancet 1 986;2:2 17-218. 

4. Wolberg AS, Kon RH, Monroe DM, Hoffman M. Coagulation factor XI is a 
contaminant in intravenous immunoglobulin preparations. Am J Hematol 2000;65:30- 
34. 

5. Gabor EP, Meningitis and skin reaction after intravenous immune globulin therapy. 
Ann Intern Med 1 997; 127:1130. 

6. Copelan EA, Strohm PL, Kennedy MS, Tutschka PJ. Hemolysis following intravenous 
immune globulin therapy. Transfusion 1986:26:410-412. 

7. Thomas MJ, Misbah SA, Chapel HM, Jones M, Elrington G, Newsom-Davis J, 
Hemolysis after high-dose intravenous Ig. Blood 1 993;1 5:3789. 

8. Wilson JR, Bhoopalam N, Fisher M. Hemolytic anemia associated with intravenous 
immunoglobulin. Muscle Nerve 1997;20:1142-1 145. 

9. Kessary-Shoham H, Levy Y, Shoenfeld Y, Lorber M, Gershon H. In vivo 
administration of intravenous immunoglobulin (IVIg) can lead to enhanced erythrocyte 
sequestration. J Autoimmun 1999;13:129-135. 

10. Rizk A, Gorson KC, Kenney L, Weinstein R, Transfusion-related acute lung injury 
after the infusion of IVIG. Transfusion 2001;41:264-268. 

11. Pierce LR, Jain N. Risks associated with the use of intravenous immunoglobulin. Trans 
Med Rev 2003;17:241-251. 

12. Stucki M, Boschetti N. Schafer W, et al. Investigations of prion and virus safety of a 
new liquid IVIG product. Biologicals 2008;36:239-247. 

13. Smith GN, Griffiths B, Mollison D, Mollison PL. Uptake of IgG after intramuscular 
and subcutaneous injection. Lancet 1972;1:1208-1212. 

14. Waniewski I, Gardulf A, Hammarstrom L. Bioavailability of y-gjobuHn after 
subcutaneous infusions in patients with common variable immunodcficicncj / Clin 
Immunol 1994;14:90-97. 

15. Bavaresco CS, Streck EL, Netto CA, et al. Chrome hypcrprolincmia provokes a 
memory deficit, in the Morris Water Maze Task. Metabolic Brain Disease 2005;20:73- 
80. 



Page 18 of 26 



16 HOW SUPPLIED/STORAGE AND HANDLING 



16.1 How Supplied 

Hizentra is supplied in a single-use, tamper-evident vial containing 0.2 grams of protein per mL 
of preservative-free liquid. Each vial label contains a peei-off strip with the vial size and product 
lot number for use in recording doses in a patient treatment record. 



The components used in the packaging for Hizentra contain no 1. 

The following dosage presentations are available: 

NDC Number Fill Size (mL) Grams Protein 
44206-451-01 5 mL i 

44206-452-02 10 mL 2 

44206-454-04 20 mL 4 



16.2 Storage and Handling 

When stored at room temperature (up to 25°C [77°FJ), Hizentra is stable for the period indicated 
by the expiration date printed on the outer carton and vial label DO NOT FREEZE. Do not use 
product that has been frozen. Do not shake. Keep Hizentra in its original carton to protect it 
from light. 



17 PATIENT COUNSELING INFORMATION 



* Self-administration -■ If self-administration is appropriate, ensure that the patient 
receives instructions and training on subcutaneous administration in the home or other 
appropriate setting and has demonstrated the ability to perform subcutaneous infusions. 
« Ensure patients understand the importance of adhering to the weekly administration 
schedule to maintain the steady levels of IgG in their blood. 

• Instruct patients to keep their treatment diary/log book current by recording, after 
each infusion, the time, date, dose, and any reactions, and by removing the peel-off 
portion of the label (containing the lot number) from the product vial and placing it in 
the treatment diar\ log book. 

• Tell patients that mi id to moderate local (injection-site) reactions (e.g.. swelling and 
redness) are a common side effect of subcutaneous therapy, but to contact their 
healthcare professional if a local reaction persists for more than a few days. 

• Inform patients of the importance of having an infusion needle long enough to reach 
the subcutaneous tissue and of changing the actual site of injection with each 
infusion. 

» Inform patients to consider adjusting the injection-site location, volume per site, and 
rate of infusion based on how infusions are tolerated. 



* Dose adjustments - Inform patients that they should be tested regularly to make sure 
they have the correct levels of Hizentra (IgG) in their blood. These tests may result in 
adjustments to the Hizentra dose. 
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• Hypersensitivity -■ Inform patients of the early signs of hypersensitivity reactions to 
Hizentra (including hives, generalized urticaria, tightness of the chest, wheezing, 
hypotension, and anaphylaxis), and advise them to notify their physician if they 
experience any of these symptoms. 

® Interference With Vaccines - Inform patients that administration of IgG may interfere 
with the response to live virus vaccines (e.g., measles, mumps, rubella, and varicella) and 
to notify their immunizing physician of recent therapy with Hizentra , 

• Reactions reported to occur with IGIV treatment - Advise patients to be aware of and 
immediately report to their physician symptoms of the following potential reactions: 

• Decreased urine output, sudden weight gain, fluid retention/edema, and/or shortness 
of breath, wh ich may suggest kidney problems 

• Shortness of breath, changes in mental status, chest pain, and other manifestations of 
thrombotic and embolic events 

» Severe headache, neck stiffness, drowsiness, fever, sensitivity to light, painful eye 
movements, nausea, and vomiting, which may suggest aseptic meningitis syndrome 

» Fatigue, increased heart rate, yellowing of the skin or eyes, and dark-colored urine, 
which may suggest hemolysis 

• Severe breathing problems, lightheadedness, drops in blood pressure, and fever, 
which may suggest TRALI (a condition typically occurring within 1 to 6 hours 
following transfusion) 

• Transmissible infectious agents - Inform patients that Hizentra is made from human 
plasma (part of the blood) and may contain infectious agents that can cause disease (e.g., 
viruses and, theoretically, the CJD agent). Explain that the risk that Hizentra may 
transmit an infectious agent has been reduced by screening the plasma donors, by testing 
the donated plasma for certain virus infections, and by inactivating and/or removing 
certain viruses during manufacturing. 

The attached Hizentra "Information for Patients" contains more detailed instructions for patients 
who will be self-administering Hizentra, 
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Hizentra 

Immune Globulin Subcutaneous (Human), 20% Liquid 

Information for Patients 

This patient package insert summarizes important information about Hizentra. Please read it 
careful ly before using this medicine. This information does not take the place of talking with 
your healthcare professional, and it does not include all of the important information about 
Hizentra. If you have any questions after reading this, ask your healthcare professional. 

What is the most important information I should know about Hizentra? 

Hi/CM'-: : >(.<;>]■■ <>ed to <K '\i'U<'{ UJ'iJei \i>s Onf ['O NO I iUj.it Hli^I,: UHO t hlood 

vessel (vein or artery). 
What is Hizentra? 

Hizentra (Hi - ZEN - tra) is a prescription medicine used to treat primary immune deficiency 
(PI). Hizentra is made from human plasma. It contains antibodies, called immunoglobulin G 
(IgG), that healthy people have to fight germs (bacteria and viruses). 

People with PI get a lot of infections. Hizentra helps lower the number of infections you will 
get. 

Who should NOT take Hizentra? 

Do not take Hizentra if you have too much proline in your blood (called "hyperproiinemia") or if 
you have had reactions to polysorbate 80. 

Tell your doctor if you have had a serious reaction to other immune globulin medicines or if you 
have been told that you also have a deficiency of the immunoglobulin cal led IgA. 

How should 1 take Hizentra? 

You will take Hizentra through an infusion under your skin. You will use up to 4 needles that 
are put into different places of your body at one time. The needles are attached to a pump with 
an infusion tube. It usually takes about 60 minutes to do one infusion. You will need to have 
infusions once a week. 

Instructions for using Hizentra are at the end of this patient package insert (see "How do I use 
Hizentra?"). Do not use Hizentra by yourself until you have been taught how by your doctor or 
healthcare professional. 

Wliat should I avoid while taking Hizentra? 

Vaccines may not work well for you while you are taking Hizentra, Tell your doctor or 
healthcare professional that you are taking Hizentra before you get a vaccine. 

Tell your doctor or healthcare professional if you are pregnant or plan to become pregnant, or if 
you are nursing. 
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What are possible side effects of Hizentra? 

The most common side effects with Hizentra are: 

• Redness, swelling, and itching at the injection site 
® Headache/migraine 

• Vomiting 

• Pain (including pain in the back, joints, arms, legs) 
® Fatigue 

• Bruising 

• Diarrhea 

® Stomach ache 
® Nausea 

• Rash 

Tel l your doctor right away or go to the emergency room if you have hives, trouble breathing, 
wheezing, dizziness, or fainting. These could be signs of a bad allergic reaction. 

'Fell your doctor right away if you have any of the following symptoms. They could be signs of 
a serious problem. 

• Reduced urination, sudden weight gain, or swelling in your legs. These could be signs of 
a kidney problem. 

• Pain, swelling, warmth, redness, or a lump in your legs or arms. These could be signs of 
a blood clot. 

• Bad headache with nausea, vomiting, stiff neck, fever, and sensitivity to light. These 
could be signs of a brain swelling called meningitis. 

• Brown or red urine, fast heart rate, yellow skin or eyes. These could be signs of a blood 
problem. 

« Chest pains or trouble breathing. 

• Fever over 100°F. This could be a sign of an infection. 

Tell your doctor about any side effects that concern you. You can ask your doctor to give you 
more information that is available to healthcare professionals. 

How do I use Hizentra? 

Infuse Hizentra only after you have been trained by your doctor or healthcare professional. 
Below are step-by-step instructions to help you remember how to use Hizentra. Ask your doctor 
or healthcare professional about any instructions you do not understand. 

Instructions for use 

Hizentra comes in single-use vials. 

Keep Hizentra in the storage box at room temperature. 
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Step 1: Gather the Hizentra vials, the following disposable supplies (not provided with 
Hizentra), and other Items (infusion pump, sharps container, treatment diary or logbook): 

® Infusion administration tubing 

® Needle or catheter sets (for subcutaneous infusion) 

® Y-site connectors (if needed) 

® Alcohol wipes 

® Antiseptic skin preps 

® Syringes 

« Transfer needles 

® Gauze and tape, or transparent dressing 

® Gloves (i f recommended by your doctor) 



Step 2: Wash hands 

* Thoroughly wash and dry your hands (Figure 1). 

• If you have been told to wear gloves when preparing your 
infusion, put the gloves on. 



Step 3: Clean surface 

Thoroughly clean a table or other flat surface using one of the alcohol 
wipes. 

Step 4: Check vials 

Carefully look at the liquid in each vial of Hizentra (Figure 2). It 
should look clear and be pale yellow to light brown, Check for 
particles or color changes. Do not use the vial if: 

* The liquid looks cloudy, contains particles, or has changed 
color, 

* The protective cap is missing. 

* The expiration date on the label has passed. 

Step 5: Transfer Hizentra to syringe for infusion 
® Take th e protective cap off the vial (Figure 3). 



Clean the vial stopper with an alcohol wipe (Figure 4). Let the 

stopper dry. 
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* Attach a transfer needle to the swinge tip (Figure 5). 



® Pull out the plunger of the syringe to fill the syringe with air. 

The amount of air should be the same as the amount of 

Hizentra you will transfer from the vial. 
® Put the Hizentra vial on a flat surface. Keeping the vial 

upright, insert the transfer needle into the center of the rubber 

stopper. 

* Check that the tip of the needle is not in the liquid. Then, push 
the plunger of the syringe down. This will inject the air from 
the syringe into the airspace of the vial. 

* Leaving the needle in the stopper, carefully turn the vial 
upside down (Figure 6). 

• Slowly pull back on the plunger of the syringe to fill the 
syringe with Hizentra. 

• Take the filled syringe and needle out of the stopper. Take off 
the needle and throw it away in the sharps container. 

Step 6: Prepare pump and infusion tubing 

Prepare the infusion pump (following the manufacturer's 
instructions) and prime (fill) the infusion tubing. To prime 
the tubing, connect the syringe filled with Hizentra to the 
Infusion tubing and gently push on the syringe plunger to 
fill the tubing with Hizentra (Figure 7). 

Step 7: Prepare Injection site(s) 

• Select an area on your abdomen, thigh, upper arm, 
or side of upper leg/hip for the infusion (Figure 8). 

* Use a different site from the last time you infused 
Hizentra. New sites should be at least 1 inch from a 
previous site. 

® Never infuse into areas where the skin is tender, 
bruised, red, or hard. Avoid infusing into scars or 
stretch marks. 

® If you are using more than one injection site, be 

sure each site is at least 2 inches apart. 
® During an infusion, do not use more than 4 injection 

sites at the same time. 



Clean the skin at each site with an antiseptic skin 
prep (Figure 9). Let the skin dry. 



Step 8: Insert needle(s) 

• With two fingers, pinch together the skin around the 
injection site. Insert the needle under the skin 
(Figure 10). 



Put sterile gauze and tape or a transparent dressing 
over the injection site (Figure 11). This will keep 
the needle from coming out. 




Figure 10 



Figure 11 



• Make sure you are not injecting Hizentra into a 
blood vessel. To test for this, attach a sterile 
syringe to the end of the infusion tubing. Pull the 
plunger back gently (Figure 12). If you see any 
blood in the tubing, take the needle out of the 
injection site. Throw away the tubing and needle. 
Start the infusion over at a different site with new 
infusion tubing and a new needle. 

Step 9: Start infusion 

Follow the instructions on the infusion pump (Figure 13) to 
connect the infusion tubing and set the infusion rate. (Your 
doctor will tell you what rate to use for your Hizentra 
infusion.) Turn on the pump. 




Figure 12 




Figure 13 



Step 10: Record treatment (Figure 14) 
Peel off the removable part of the label of the Hizentra vial. 
Put this label in your treatment diary or logbook with the 
dale and time of the infusion. Also include the exact 
amount of Hizentra that you infused. 




Page 25 of 26 



Step 1 1 : Clean up 

• When all the Hizentra has been infused, turn off the 
pump. 

® Take off the dressing and take the needle out of the 
injection site. 

® Throw away any Hizentra that is leftover in the 
single-use vial, along with the used disposable 
supplies, in the sharps container (Figure 15). 

® Clean and store the infusion pump, following the 
manufacturer' s instructions. 



Be sure to tell your doctor about any problems you have doing your 
infusions. Your doctor may ask to see your treatment diary or logbook, so 
be sure to take it with you each time you visit the doctor's office. 

Call your doctor for medical advice about side effects. You can also 
report side effects to FDA at 1-800-FDA-1088 or www. fda.gov/medwatch. 

Manufactured by: 
CSL Behring AG 
Bern, Switzerland 
US License No. 1766 

Distributed by: 
CSL Behring LLC 
Kankakee, IL 6090.1 USA 
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About Primary immunodeficiencies 

P man of them i ed with usual 



treatments and may keep returning. As a result, patients may face repeated rounds of antibiotics or hospitalization for treatment. 
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d < ( > fp i - in 10.000 4 . Due to the X-linked 

inheritance in many PI syndromes, more males are affected than females 5 . For more information on PI, piease > s . 
i r t eni advocate groups in h _ J hp y 2 t- 

About CSL. Behring 

CSL Bennng is a leader in the plasma protein therapeutics industry. Committed to saving lives and improvir- i - tor peou e 

win aip si m } -M'vfa t and r-^t: = 3 tain 1 t es wot awide. 

CSl Benring therapies are indicated for the treatment of coagulation disorders - > ase, primary 

immune deficiencies and inherited respiratory disease. The company's prodi -<=-<= ah- 1 r.^-- ^ v - s Jv 
burn ireatmeni and to prevent bet t ..airing operates one of t v plasma r-o ect a- 

networks 1,0 B 5 is a subsidiary of * > (^Sa C3_}, a biopharmaceutlcai company headquartered in 

Melbourne 'su< >, rot mc e irr ri al n , 51 



Media Contacts: 
Greg Healy 

U.S. Commercial Operations, CSL Behring 

1020 First Avenue, King of Prussia, PA 19406-0901 

610-878-4841 

Kim Gorode 
Weber Shandwick 

919 3rd Avenue, New York, NY 10022 
212-445-8231 



'About Pri'TSiry itiimuiit D;i:;:.;«!i:es. vY: ;a ; it, a l : ';;m;;iy \;y,(",a;v, t>:.-;;tie«c y L"3-f,iti-f? imituj.-.i ij E ti.:;.;,;;cv ! : t>u;y-!,tt;on WfifsiLe Available ,iL 




■tieffrsv f.irut;:! rc-unriaton Print-iy |i. .rrtt i.-.o. if-fk ifiivty fen IJU tn,.- Cf-titr." A^iatfe on a it. :: :'. .ti.-.v: /;•'■' :y i„ s; ,v-jces3B,i Auntitt I'OKi 

4 Dube 0; The Ca V ce? 0?. 

! o •. Accessed August 2010. 



PATENT 
Customer No. 22,852 
Attorney Docket No. 06478.1507-00000 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re Application of: ) 

Reinhard BOLLI et al. ) Group Art Unit: 1 644 

Application No.: 10/579,357 ) Examiner: Kim YUNSOO 

Filed: May 16, 2006 ) 

) Confirmation No.: 2138 
For: IMMUNOGLOBULIN ) 
PREPARATIONS HAVING INCREASED ) 
STABILITY ) 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Sir: 

DECLARATION UNDER 37 C.F.R. § 1.132 

, I, Reinhard Bolli, do hereby make the following declaration: 

1 . I am a Swiss citizen, residing at Bellevuestr. 14, CH-3073 Gumligen, 
Switzerland. 

2. I have been awarded a degree in Chemistry from the University of Basel 
and a Doctoral degree (Ph.D.) in phil. Nat. (Biochemistry) from the University of Bern 
(Switzerland). 

3. I have been employed by CSL Behring since 01.10.1988 and am presently 
a senior manager of the Biochemistry department R&D at CSL Behring. During my 
employment at CSL Behring, I have been engaged in research and development 
regarding the investigation of plasma proteins including immunoglobulins. 

4. I am an inventor of the subject matter in Application No. 1 0/579,357 



Attorney Docket No. 06478.1507 
Application No. 10/579,357 

5. I have read and understand Application No. 10/579,357, including the 
claims as amended in the response filed herewith. For instance, I understand that 
independent claim 1, as amended, now recites a stable immunoglobulin preparation, 
wherein the preparation comprises proline and wherein the preparation has a pH of 4.2 
to 5.4 and wherein the preparation does not comprise nicotinamide. I also understand 
that independent claim 8, as amended, recites a stable immunoglobulin preparation, 
wherein the preparation comprises proline and has a pH of 4.2 to 5.4, and wherein the 
final concentration of proline is between 0.2 to 0.4 M. 

6. I have read and understand the specification and claims of U.S. Patent 
No. 5,871 ,736 ("the '736 patent") directed to a immunoglobulin preparation. 

7. The 736 patent teaches that "preferred stabilizers are compositions 
comprising nicotinamide together with one or more of the . . . amino acids or their 
derivatives." See the 736 patent, col. 4, lines 28-30. In addition, as shown in table 2 
and table 5 of the 736 patent, proline was used in conjunction with nicotinamide and 
only in concentrations of up to 0.2 M. Proline was never disclosed, taught or suggested 
as sufficient to stabilize the composition in the absence of nicotinamide. 

8. However, contrary to the teachings of the 736 patent, I have discovered, 
unexpectedly, that the use of proline alone and without nicotinamide is beneficial for 
immunoglobulin preparations. I also found, unexpectedly and apart from the teaching ol 
the 736 patent, that proline at a final concentration between 0.2 to 0.4 M led to a 
decreased level of aggregate formation and coloring of immuoglobuline preparations. 

9. In order to demonstrate the difference between the immunoglobulin 
preparations disclosed in the 736 patent and the present application, I prepared and 

2 
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tested several immunoglobulin solutions, described below and shown in Tables 1-2 and 
Figures 1-3. 

Comparative testing of laG solutions with or without the addition of nicotinamide 

10. CSL Behring purified IgG from pooled human plasma by cold ethanol and 
octanoic acid fractionation followed by anion exchange chromatography and 
concentrated IgG to approximately 100 mg/mi (10%) by ultrafiltration using large scale 
state of the art procedures. In my laboratory the 10% IgG solutions were formulated with 
or without L-proline and/or nicotinamide at concentrations of 0, 125, 250, 350 and 500 
mmol/L at a pH of 4.8 ± 0.2 (See Table 1 below). These different formulations were 
then incubated at 40°C in the dark for up to 30 days. At day 0 and day 30 of the 
incubation, in my laboratory size exclusion HPLC with a TSK 3000SW column was used 
to analyze the percentage of aggregates in the different IgG formulations and UVA/IS 
photometry to measure the yellowish colouring (i.e. absorbance at 350nm) of the 
solutions. The results are shown in Table 1, Figure 1, and Figure 2. 



3 



Attorney Docket No. 06478.1507 
Application No. 10/579,357 
I: IgG-solutions (100mg/ml, pH 4.8 ± 0.2) were incubated at 40°C and analysed 



Formulation 


Aggregates (%) 


Absorbance at 
350nm 


Proline 
(mmol/L) 


Nicotinamide 
(mmol/L) 


Day 0 


30d 


day 0 


30d 


0 


0 


<0.1 


1.3 


0.052 


0.072 


125 


0 


<0.1 


1.1 


0.065 


0.069 


0 


125 


<0.1 


3.9 


0.073 


0.094 


250 


0 


<0.1 


0.9 


0.061 


0.070 


0 


250 


<0.1 


10.3 


0.084 


0.116 


350 


0 


<0.1 


0.7 


0.069 


0.066 


0 


350 


<0.1 


19.5 


0.087 


0.157 


500 


0 


<0.1 


0.6 


0.086 


0.064 


0 


500 


0.4 


37.2 


0.082 


0.271 


125 


125 


<0.1 


3.0 


0.075 


0.090 


250 


250 


<0.1 


7.7 


0.085 


0.105 


350 


350 


<0.1 


13.7 


0.097 


0.129 


500 


500 


0.2 


26.1 


0.102 


0.186 



: igure 1: Aggregate formation of 10% IgG solutions after storage at 40°C for 30 days. 

Aggregates 




100 200 300 400 500 600 

Concentration of Stabilizer (mmol/L.) 
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Figure 2: Absorbance at>350 nm (yellowish colouring) of 10% IgG solutions after 
storage at 40°C for 30 days. 



Absorbance 




Concentration of Stabilizer (mmol/L) 

1 1 . The results showed that 1 0% IgG formulations with proline alone had 

lower percentage of aggregates and less degree of coloring as compared to the 

formulations with nicotinamide alone or the formulations with both proline and 

nicotinamide. Based on my education and experience, these results are unexpected in 

view of the teachings of the 736 patent, which taught using proline and nicotinamide. 

Dimer for mation of laG solutions formulated with proline at different final 
concentrations 

12. 10% IgG solutions were prepared as described above and formulated with 
0,125, 250, 350 and 500 mmol/L proline at a pH of 4.8 ± 0.2. The formulations were 
then incubated at 40°C in the dark. After indicated times of incubation, my laboratory 
used size exclusion HPLC with a TSK 3000SW column to measure the content of IgG 
dimers in the solution. The results are shown in Table 2 and Figure 3. 
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Table 2: IgG-dimer formation in 10% IgG solutions during storage at 40°C 





Dimer content (%) 


Proline 
(mmol/L) 


Day 0 


Day 7 


Day 14 


Day30 


0 


6.6 


7.3 


7.6 


7.4 


125 


6.2 


6.5 


6.7 


6.8 


250 


5.8 


5.9 


6.1 


6.2 


350 


5.5 


5.7 


5.8 


5.8 


500 


5.2 


5.3 


5.9 


5.4 



Figure 3: Dimer formation in 10% IgG solutions during storage at 40°C for 30 days 




1 3. The results indicated that the dimer content or the dimer formation was 
significantly reduced in IgG-solutions formulated with proline alone. A satisfying 
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reduction of dimer content was achieved between 200mM and 400mM proline. 
However, proline concentration at 500 mM did not seem to result in consistent and 
uniform reduction of dimer formation over time. In addition, to the extent that the 736 
patent merely discloses a proline concentration of up to 200 mM, I believe a skilled 
artisan would have no reason nor motivation to increase the proline concentration 
beyond 200 mM because it would increase the cost of the preparation and the 
osmolarity of the solution, both of which could lead to undesirable outcomes for clinical 
applications. Accordingly, I believe that the claimed invention is novel and unexpected 
in view of the concentration range suggested by the '736 patent. 

14. I further declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true, and 
further, that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code, and that such willful false 
statements may jeopardize the validity of the application or any patent issuing thereon. 



Dated: 





Reinhard Bolli 
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